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1.1 Preterm birth and developmental risk  
Prematurity affects more than 2% of live births and can be associated with long-
term neurodevelopmental abnormalities, including motor disability, reduced 
cognitive performance and behavioural problems with very high costs for the 
health systems [1]. Preterm-born infants show an increased risk for neuro-
developmental outcome that is related to a number of factors. Firstly, the set of 
events that led to a premature birth (genetic, malformative, infectious, hypoxic 
disorders etc) may themselves be a causative factor of cerebral damage. Also, the 
immaturity of the nervous system associated with that of the cardio-vascular and 
respiratory system, expose the brain to a higher risk of direct and indirect 
damage, especially of vascular origin [2, 3]. Such risk is also increased by the 
condition of being exposed to an environment and to stimulations that, even 
though trying to simulate intrauterine life, cannot be considered as fully 
physiological. A last very important aspect, which especially emerged in the last 
few years, is represented by the role played by infections and inflammations in 
the genesis of the CNS damage in preterm infants. It was demonstrated, indeed, 
that the presence of maternal chorioamnionitis, apart from increasing the risk of 
preterm birth, is positively associated with the damage to cerebral white matter 
and the evolution towards cerebral palsy [4]. 
MR imaging studies in term-born infants and preterm infants at term-equivalent 
age have shown differences between the normal appearing preterm brain at 
term-equivalent age and the brain of term-born infants.  Premature exposure to 
the ex-utero environment alters brain development in the white matter, cortex, 
deep grey matter and vascular pattern [5-12]. The abnormalities particularly 
involve cerebral neuronal regions including both cortex and deep nuclear 
structures. The pattern of cerebral alterations is related most significantly to the 
degree of immaturity at birth and to concomitant WM injury [7].  
While most studies have focused on medically ill preterm infants, comparatively 
fewer studies have focused on neurodevelopmental outcomes in seemingly 
healthy, asymptomatic preterm infants, that is, infants who do not suffer from 
significant medical complications in the postnatal period or require extensive 
medical intervention or support. It is of great interest that the studies that have 
investigated neurodevelopmental outcomes in low-risk preterm-born infants have 
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demonstrated that they are still at higher risk of learning, behavioural, motor and 
visual problems in later life [13, 14]. 
 
1.2 Early brain plasticity as a potential window of opportunity 
Preterm brain is not only more vulnerable. It is also more plastic and thus able, 
under specific circumstances, to adapt and compensate for lesion-induced 
functional impairments. In broad terms, mechanisms of cerebral plasticity are 
thought to be more powerful during development. For example, children are 
more fast-paced than adults in learning a new language or in achieving complex 
skills such as playing a musical instrument [15]. Similarly, children lacking proper 
environmental inputs early in life are more prone to have abnormal development 
of the functions related to those inputs (the concept of critical periods) [16]. The 
presence of more powerful mechanisms of neuronal plasticity during early phases 
of development should imply that recovery from brain damage is more effective 
for early lesions compared to similar lesions occurring later in life. The picture is 
however far more complex, as many other aspects influence outcome beyond the 
timing of the insult, including the location and extent of injury (e.g., focal vs. 
diffuse), the clinical correlates (e.g., presence of seizures), or the individual 
genetic susceptibility [17]. 
The time boundaries of early lesion-related plasticity have never been clearly 
defined. Changes in cerebral plasticity, which influence the effects of brain 
damage, are gradual during development, and the sensitive periods are now 
known to be different for the various functional subsystems [16]. Also, the types of 
brain insult are extremely variable during development and affect the nervous 
system in ways that are directly dependent on the level of maturation at the 
moment they occur. For these and other reasons, the boundaries between early 
and late lesions are necessarily blurry. As in the present project we are interested 
in exploring neuroplasticity in very young brains (the preterm brain), we got 
interested in the mechanisms of adaptive plasticity secondary to preterm brain 
damage. A review of the mechanisms of early lesion-related brain plasticity will be 
the topic of chapter 2. 
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1.3 From early plasticity to early intervention 
As outlined in the previous sections, it is today well recognised that preterm 
infants are at higher risk for developmental and cognitive delays, as well as 
difficulties in mother-infant relationship across infancy [18, 19]. Follow-up studies 
of preterm individuals into the school years, consistently found reduced cognitive 
performance and increased behavioural problems in these children. To minimize 
the consequences of preterm birth it is of utmost importance to take the highest 
advantage of enhanced early brain plasticity by devising evidence-based 
intervention programs centred on the optimization of infant’s environment. 
Increasing evidence suggests that the course of mental development is more 
open to inputs from the caregiving environment, and the parental style is more 
central in shaping the child’s cognitive development, as compared with motor 
and growth. It was shown that the neurodevelopmental and cognitive skills of 
premature infants are influenced by a variety of maternal factors, including the 
provision of skin-to-skin contact, the frequency of maternal touch, or the degree 
of maternal postpartum depressive symptoms [18]. Interactions with parents may 
be compromised for premature infants for several reasons: the emotional 
response of parents to preterm birth, an altered parental role as a non-caregiver 
in the nursery, the infant’s characteristics, the NICU environment and the 
prolonged parent–infant separation [18]. 
Early experience can modify the anatomy of the rapidly developing brain, which 
implies that early intervention may alter developmental paths and improve health, 
educational and social outcomes. This has prompted the use of early 
interventions for preterms, aimed at different targets in the complex interplay of 
biology and environment influencing development. Historically, initial 
interventions were purely sensory based and focused on providing external 
stimuli; while in contrast, later interventions aimed to minimize the stress of the 
NICU environment (developmental care). Later still, the recognition of the 
importance of the caregiving environment was broadened to target interventions 
including parents. A review of the principles and main known paradigms of early 
intervention will be the topic of chapter 3. 
 
1.4 Infant massage and its influence on brain function 
While during intrauterine life the fetus is protected by noxius external stimuli and 
benefits from positive physiological stimulations such as the continuous and 
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gentle tactile stimulation deriving from the movements inside the womb, preterm 
birth exposes the fetus to a highly stressful, non-physiological environment with 
unfiltered stimuli and deprives it from the positive stimulations it would normally 
experience in the womb, potentially resulting in detrimental effects on the 
development of the immature brain.  
On these grounds, early intervention programmes based on the manipulation of 
the extra-uterine environment have been used in preterm infants with the aim of 
optimizing the infant’s sensory experience and thus potentially improving 
development and functional outcome [20]. Among these, infant massage and 
interventions based on the provision of skin-to skin contact have widely 
demonstrated positive effects mainly on somatic indexes (such as weight gain 
acceleration), the reduction of stress and related biomarkers even during invasive 
procedures as well as the reduction of the overall stay in the NICU [21]. 
Effects on brain development of these interventions have been dramatically less 
explored in the scientific literature, probably also due to the challenges correlated 
with the implementation of early instrumental evaluations on such vulnerable 
populations. We therefore tested the hypothesis that infant massage can affect 
the maturation of brain function by performing, in a RCT, an EEG spectral 
analysis, a quantitative measure of brain electrical activity that in preterm infants is 
highly sensitive to brain maturation. The study is reported in chapter 4. 
 
1.5 The PREMM Project 
Despite the recent advances in the understanding of the mechanisms of early 
intervention, and in particular of infant massage on neurodevelopment and brain 
maturation, there are at least two key aspects that have received little attention in 
the scientific literature so far.  
A first aspect that has been poorly investigated is the contribution of a more 
intensive parental involvement to the efficacy of the intervention. Growing 
evidence suggests that mother-infant early relationship and interaction has a 
powerful positive influence on the modulation of the effects of early 
developmental care. A recent meta-analysis reported clinically meaningful effects 
of neurodevelopmental interventions that involve parents up to an age of 36 
months [21]. Despite this growing evidence, the full involvement of parents in 
early intervention programs and developmental care is still very limited.  
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A second aspect that is still poorly understood concerns the neurobiological 
underpinnings of the therapy-related functional improvements in preterm infants 
undergoing early intervention. We recently showed that an early intervention in 
preterm newborns based on infant massage can have significant effects on 
quantitative components of the electroencephalographic activity of preterm 
babies assessed at term-equivalent age, resulting in a pattern more similar to that 
observed in term-born infants [38] (see chapter 4). However, no studies have 
explored the effect of infant massage on finer structural and functional aspects of 
brain development such as volumetric measures, structural connectivity or 
functional networking.  
As part of the PhD project, we set up a RCT aiming at addressing these specific 
issues, called Preterm Early Maternal Massage (PREMM). The main purpose of this 
part of the project has been to explore the short and medium term effects of 
infant massage on brain development in low-risk preterm infants, by means of 
advanced neurophysiological and neuroimaging techniques applicable to the 
preterm infant, many of which have been developed specifically for these studies 
thank to the expertise of the neurophysiologists and physicists at the University 
Of Queensland Centre of Clinical Research (Brisbane, AUS). Other objectives 
were to evaluate the effects of the direct involvement of the mother in providing 
the intervention, making it more flexible and tailored on the characteristics of the 
mother-infant dyad. Effects on mothers’ mental health and mother-infant 
relationship are hence also explored. The full protocol and the preliminary results 
on the neuroimaging, electrophysiological and clinical outcome measures will be 
exposed in chapters 5,6 and 7.  
 
1.6 Outline of the thesis 
The following aspects will be treated in the thesis: 
Chapter 2: an overview about the studies exploring early brain plasticity in the 
different CNS systems after brain damage or as an effect of environmental 
stimulations;  
Chapter 3: the rationale for early intervention in infants at neuro-developmental 
risk and the relevance of a family-centred care; 
Chapter 4: the effects of preterm infant massage on the maturation of 
quantitative components of brain electrical activity, such as spectral power; 
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Chapter 5: the presentation of the full protocol of the PREMM project (Preterm 
Early Maternal Massage), a multicentre international RCT on early intervention in 
preterm infants; 
Chapter 6: the preliminary findings about the short-term effects of maternal infant 
massage on neurodevelopment, mothers’ mental health and mother-infant 
relationship; 
Chapter 7: the preliminary findings on the short-term effects of maternal infant 
massage on brain development as measured by advanced neuroimaging and 
neurophysiological techniques; 
Chapter 8: the conclusions and the final remarks. 
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  Chapter 2 
Early Brain Plasticity 
 
 
 
 
 
 
 
 
 
 
 
 
 
From (see appendix II): 
1 - Cioni G, D'Acunto MG, Guzzetta A. Perinatal brain damage in children. Neuroplasticity, early 
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2 - Cioni G, D'Acunto MG, Guzzetta A. Plasticity in the developing brain: functional reorganization 
after early brain damage. In: Cerebral Plasticity: New Perspectives. Chalupa LM, Berardi N, Caleo M, 
Galli-Resta L and Pizzorusso T Editors. MIT Press. 2011 
3 - Guzzetta A, D'Acunto MG, Rose S, Tinelli F, Boyd R, Cioni G. Plasticity of the visual system after 
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4 – Cioni G, Guzzetta A, D’Acunto G.  Cerebral Plasticity and Functional Reorganization in Children 
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2.1 General principles of early brain plasticity 
Cerebral plasticity plays an important role during brain development. For 
example, children learn a new language or achieve complex skills, such as playing 
a musical instrument, faster than adults. In a classic experiment on string players, 
the extent of the cortical representation of the left digits was found to be 
inversely correlated with the age at which the person had begun to play, 
indicating a larger amount of cerebral plasticity in subjects with earlier exposure 
to training [15]. Similarly, children lacking proper environmental inputs early in life 
are more likely to have abnormal development of the functions related to those 
inputs (the concept of critical periods) [16]. 
The presence of mechanisms for neuronal plasticity during early phases of 
development should mean that recovery from brain damage is better for early 
lesions compared to similar lesions acquired later in life. This principle was first 
suggested by Paul Broca in 1865 [22] and then systematically explored by 
Margaret Kennard in the late 1930s [23]. Since then, studies carried out in 
different species have partially refuted this general principle. The picture appears 
to be more complex. Account needs to be taken of factors other than the timing 
of the insult; these include the location and extent of injury (e.g., focal or diffuse), 
the clinical correlates (e.g., presence of seizures), and the genetic susceptibility of 
the subject [17]. 
One of the most important predictors of the efficacy of functional reorganization 
seems to be the distribution of the damage, i.e., whether diffuse or focal [24, 25]. 
Strikingly, children with early unilateral left hemisphere damage may develop 
normal language, while lesions at a similar site and of similar extent in the adult 
brain result in aphasia [26]. Even if an entire hemisphere is removed at an early 
stage of development (for instance for the treatment of severe epilepsy), children 
can develop normal language and cognitive function [27]. Also, children with 
unilateral ischemic stroke are able to develop normal cognitive functions, which 
they maintain over time [28]. 
By contrast, children who sustain an early generalized cerebral insult (e.g., global 
hypoxia or traumatic brain injury) recover slower with a poorer outcome, 
compared to adults with similar lesions [29]. The mechanism most often invoked 
for this greater vulnerability to early damage is that, at an early stage, cognitive 
development is highly dependent on the integrity of diffuse neural networks; thus 
the transient disruption of developing attention, memory, and learning functions 
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undermines the effective acquisition of new abilities [24]. Conversely, at an older 
age, cognitive abilities, which have already been acquired, may be spared and 
impairment is limited to functions directly related to the final area of damage. 
The aim of this chapter is to outline recent discoveries relating to mechanisms of 
functional reorganization in the young brain, as a basis for the identification of 
possible non-pharmacological early interventions. 
 
2.2 How early is early? 
The time boundaries of early brain damage have never been clearly defined. This 
is due to the complexity of the task rather than to lack of effort. Cerebral 
plasticity, which influences the effects of brain damage, has a gradual effect 
during development and vulnerable periods are now known to be different for 
the various functional sub-systems [16]. The types of brain insults vary during 
development and affect the nervous system in ways that depend on the level of 
maturity at the time they occur. The boundaries between early and late lesions 
are therefore necessarily fuzzy. This chapter explores the differences of the young 
brain’s response to damage and focuses on lesions occurring before or around 
birth (also called congenital lesions), which are more frequent and have been 
more extensively studied than later ones. 
A relevant aspect of the pathophysiology of congenital brain injury is the stage of 
cerebral development at the time of  the insult, which may be either prenatal or 
perinatal [30]. Because of the complexity and speed of maturation during 
pregnancy, the response to a harmful event varies with gestational age with 
different neuropathological and clinical outcomes. Our understanding has grown 
thanks to non-invasive neuroimaging techniques, first ultrasonography, and, more 
recently, computerised tomography (CT) and magnetic resonance imaging (MRI). 
These new methods, increasingly applied to children, allow in vivo investigation 
of cerebral lesions by monitoring their evolution and providing further insight 
about the relationship between lesion and its effect on function.  
In broad terms, types of congenital brain damage can be grouped according to 
timing (Fig. 2.1). Lesions occurring during the first half of gestation (and in 
particular the first trimester) give rise to cortical malformations. These lesions can 
vary in size, location and distribution, resulting in different clinical pictures. The 
underlying mechanisms of cerebral plasticity are likely to be similarly variable. 
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Fig. 2.1 Correlation 
between timing of insult 
and type of brain injury. 
Three examples are 
shown of typical 
congenital brain lesions 
on MRI, in which the 
correlation between 
timing and 
characteristics of the 
lesion are clear. The 
central and right 
columns show lesions 
occurring during the 
perinatal period. In the 
left column, a case of 
schizencephalia, a malformation of cortical development secondary to an insult occurred during the 
early phases of brain development. In the central column, a case of periventricular white matter 
damage secondary to an intraventricular hemorrhagic insult occurred at the beginning of the third 
trimester of gestation. In the right column, a case of ischemic infarction of the territory of the middle 
cerebral artery occurred around birth in a term born infant. 
The second group of lesions are those occurring around the early third trimester 
of gestation (approx. 25−34 weeks of gestation). The most typical of this group 
are periventricular leukomalacia and intra-ventricular haemorrhage. The first is a 
diffuse lesion due to ischemia or infection-inflammation, while the second is a 
haemorrhagic lesion, usually limited to within the ventricles, but sometimes 
developing into a periventricular parenchymal infarction, usually unilateral. The 
third group includes lesions around term (typically lesions affecting the term 
infant at around birth). The most relevant are hypoxic-ischemic encephalopathy 
(HIE) and focal cerebral stroke. HIE is a bilateral and diffuse ischemic lesion, while 
a stroke is a focal lesion of arterial origin, with similar neuropathology to the 
stroke observed in adults. 
The distribution of the lesion, i.e., focal unilateral compared with diffuse bilateral, 
appears to be the single most important factor that influences the effectiveness of 
the plastic reorganization of brain function. Congenital lesions therefore provide 
an interesting model for studying cerebral reorganization because they include 
different combinations of distribution (focal, diffuse) and timing (early gestation, 
late gestation and term). 
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2.3 Cerebral plasticity and the different systems 
The effects of a cerebral lesion are related to the site of the lesion. This implies 
different involvement of the various systems in different subjects, with complex 
and heterogeneous functional correlates. Although subjects with cerebral 
damage that is acquired early show a clinical phenotype consisting of impairment 
of language, sensori-motor and visual systems, we will consider each system 
independently, focusing on cerebral plasticity and differentiating the effects of 
early and late lesions. 
 
2.3.1 Language 
Language processing generally (i.e., in 95% and 98% of adults) occurs in the left 
hemisphere of the brain. How this special ability develops, its nature and what 
happens when the left hemisphere is damaged by a cerebral injury during early 
development are still matters of debate. More than 30 years ago, invasive 
techniques such as the Wada test demonstrated that language developed in the 
right hemisphere of patients with early left hemispheric brain lesions [31]. How 
this happens and the consequences for brain function are starting to be clarified 
by the application of advanced functional neuroimaging techniques, such as 
positron emission tomography (PET) and functional magnetic resonance imaging 
(fMRI). 
An important aspect relates to where (and indirectly how) in the right hemisphere 
language function is organized. In 2002, Martin Staudt and coworkers [32] used 
fMRI and a language task to explore the topography of right-hemispheric 
language organization after early left brain injury by unilateral periventricular 
lesions. They showed a remarkable similarity between activation in the left 
hemisphere in normal controls and activation in the right hemisphere in brain 
injured patients, with identical distribution of the known cortical areas of the 
language circuit. These findings indicated that reorganization of language in the 
right hemisphere occurs in areas that are homotopic (i.e., in the same location) to 
those normally involved, strongly suggesting a near-equipotentiality of the two 
hemispheres at birth as far as the ability to develop language control is 
concerned. 
Similar findings were found in patients with malformations of cortical 
development [33, 34]. In those subjects, however, epileptic seizures, which are 
known to alter cerebral reorganization, were almost invariably present. This made 
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it hard to explore whether shifting language processing could also hap- pen in 
the absence of seizures and/or with later damage (early third trimester). More 
recently, Guzzetta et al. demonstrated a similar pattern of contralateral 
homotopic reorganization in patients with arterial stroke at term (Fig. 2.2) [35].  
The study also showed that a shift of language function after a stroke at term is 
more common than for earlier lesions, suggesting a direct influence of timing on 
the pattern of reorganization. If this pattern is confirmed, it might suggest that, as 
for other systems (see below), the hemispheric specialization of language 
develops because of competition between the two hemispheres. If a left (non-
epileptogenic) lesion occurs during the early third trimester when cerebral 
plasticity is highly active, the affected hemisphere is more likely to maintain its 
genetic advantage over the contralateral hemisphere and eventually develop 
control over language. When a left lesion occurs at term or during early 
development when the potential for plasticity is reduced, the non-affected 
hemisphere might take over language development. This possibility becomes 
progressively less available during later development, with later lesions invariably 
resulting in an intra-hemispheric reorganization of function and different degrees 
of language disturbance. 
Fig. 2.2 Language representation in patients with 
left perinatal stroke and right-hemispheric 
reorganization of language. fMRI shows the 
activation of regions of the right hemisphere 
which are contralateral and homotopic to the 
regions of the language circuit activated in 
normal controls (group analysis performed on 
eight patients and 10 normal controls. 
 
 
 
2.3.2 The sensori-motor system 
When a cerebral cortical or subcortical lesion involves the motor system, 
neuroplastic mechanisms should be able to drive recovery of voluntary 
movements, restoring an adequate cortical impulse to the spinal motor neurons 
and inter-neurons. 
In the case of a cerebral lesion, two major mechanisms are available for restoring 
an efficient re-connection of the motor cortex with the spinal cord. The first 
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involves reorganisation of the ipsilateral cortex within the primary motor cortex or 
in non-primary motor areas. The second mechanism is specific for lesions during 
early development. It is based on the existence of bilateral motor projections 
originating in the primary motor areas during the first weeks of life post-term; 
these connect each hemisphere with both sides of the body. These fibres 
withdraw during later development, but may persist in the case of cerebral 
damage, giving rise to a contralesional reorganization of motor function, but this 
mechanism is limited to early brain damage (Fig. 2.3). 
Fig. 2.3 Schematic representation of 
the main types of reorganization of 
sensorimotor function following early 
brain damage. (a) Ipsilesional 
reorganization of motor and sensory 
function. Both functions are reorganized 
in the affected hemisphere, in regions 
around the lesion. In this case, 
functional impairment is mainly related 
to the extent of the damage of the 
sensorimotor system. (b) Contralesional 
reorganization of motor function and 
ipsilesional reorganization of sensory 
function. Motor and sensory function of 
the affected limb are processed by different hemispheres. In this case, functional impairment is 
related not only to the extent of the damage of the sensorimotor system but also to the presence of 
the functional dissociation. 
fMRI is able to provide relevant information on the type of reorganization 
occurring in each patient. Integration with other techniques to provide temporal 
resolution, such as Transcranial Magnetic Stimulation (TMS), demonstrates the 
existence of cortical-spinal monosynaptic connections. TMS has shown that in 
subjects with early lesions of the motor cortex, there is significant bilateral 
corticospinal innervation of spinal motoneuron pools and that these persist in the 
healthy hemi- sphere. In these subjects, activation of the intact motor cortex 
elicits large responses in both ipsi- and contra- lateral muscles, with similar 
latencies and thresholds. 
But what are the consequences of having found this specific type of motor 
reorganization after early damage? It appears that this pattern of SM 
reorganization (contralesional reorganization) is determined during the first year 
of life, and possibly even within the first few months [36]. This is not only a 
consequence of the size and site of the lesion, but is strongly influenced by what 
happens after damage (action dependent reorganization): there is a complex 
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interaction between the  residual motor output from the affected hemisphere and 
a somato-sensory feedback from the affected limb – the hypothesis has been 
called “amblyopia of the cortico-spinal system”[36]. Confirmation of this 
hypothesis would emphasise the importance of an early time window (the first 
months of life) for therapeutic intervention. This is especially true when 
considering that children with contra-lesional reorganization, i.e., when the 
unaffected hemisphere directly controlling both hands, achieve less good hand-
motor performance, making this pattern of reorganization potentially maladaptive 
[37, 38]. 
Cerebral lesions affecting the motor system often involve the sensory system as 
well, and may lead to a functional deficit. These functions can be studied in vivo 
with techniques like somato-sensory evoked potentials, magnetoencephalog- 
raphy and fMRI with sensory stimulation. These approaches have demonstrated 
that, by contrast with the motor system, the intra-hemispheric (ipsilesional) 
reorganization of primary sensory function is the principal, if not the only, 
compensatory mechanism for brain damage of the sensory system, even when 
this occurs very early during development [37]. 
The mechanisms underlying this phenomenon are not fully understood. However, 
two elements seem to be of special relevance. The first is the lack of an 
anatomical substrate for contralesional reorganization, even during the early 
stages of development, in contrast to what happens to the motor sys- tem. The 
second is the possibility that at least for some types of early lesions, thalamo-
cortical fibres are still developing when the insult occurs, thus allowing a bypass 
of the lesion and reconnection with the sensory cortex [39]. 
It is of considerable interest that the different reorganizational potentials of the 
sensory and the motor systems often result in an inter-hemispheric dissociation of 
these functions, with the sensory system being reorganised in the affected 
hemisphere and the motor system being shifted contralaterally (Fig. 2.3). There is 
some evidence to support the hypothesis that such a dissociation could lead to 
functional deficits in tasks requiring good sensory-motor integration (such as 
stereognosia). In light of these findings, a specific target of early therapeutic 
intervention might be activation of the sensori-motor cortex of the affected 
hemisphere to enhance the competitive ability of a damaged corticospinal system 
during development and, by so doing, to mitigate the consequences of injury on 
motor function. 
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2.3.3 The visual system 
There have been few investigations of reorganization of the visual system after 
early lesions in humans. However, visual function has been more studied in 
animals, especially the cat, than any other system. The sparse scientific evidence 
from humans on the specificity of reorganizational mechanisms after early 
damage is summarized below (Fig. 2.4).  
The correlation between damage to the optic radiations or the occipital cortex 
and the corresponding visual field deficit is far less strong in the case of an early 
lesion than for a lesion occurring later in life. This might be a direct expression of 
greater cerebral plasticity in the young child. It may, at least in part, have a similar 
neurophysiological basis to that observed for the somato-sensory system; in 
particular there is a possibility that thalamo-cortical fibres develop after the injury 
and so bypass it. The precise characteristics and limits for plasticity involving 
thalamo-cortical connections are not fully understood. Some data suggest that up 
to term, structural modifications of the geniculo-striate pathway enable functional 
reorganization of the visual system. A combination of fMRI and diffusion tensor 
tractography was used in a recent longitudinal study of an infant with a perinatal 
left arterial stroke [40, 41]. The stroke spared the primary visual cortex but 
involved the optic radiations. At 3 months, cortical activation could only be 
observed in the unaffected side; diffusion tensor imaging (DTI) was unable to 
show the presence of optical radiations in the affected hemisphere [40]. At 20 
months, the infant was re-tested using the same protocol and surprisingly showed 
definite fMRI activation, an indirect sign of functional reorganization. This was 
further supported by clear structural modifications on diffusion tractography [41]. 
Unfortunately, assessment of visual fields could not be performed because of the 
subject’s young age. However, regardless of the possible presence of functional 
impairment, the imaging data seem to support the existence of a process of 
reorganization at the level of the thalamocortical pathway, and an ability to 
restore at least partially a functional connection between the lateral geniculate 
body and the occipital cortex.  
Even when there is a visual field deficit, patients with early damage seem to have 
fewer difficulties in environmental navigation and exploration. These data are in 
line with findings from animal models, which showed clearly that ablation of the 
whole primary visual cortex in the newborn animal did not affect visual 
orientation, which, by contrast, was massively impaired after a similar lesion in 
adult animals. Studies on cats showed that this phenomenon is linked to re-  
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organization of the pathways connecting subcortical visual structures (the lateral 
geniculate nucleus, superior colliculus and pulvinar) directly to the extra-striatal 
ipsi- and contra- lateral visual centers. This could also apply to humans in some 
certain degree, as shown, for example, by increased activation on fMRI of extra-
striatal structures after stimulation of the affected hemifield [42]. 
Fig. 2.4 Schematic 
representation of the main 
types of reorganization of 
visual function following 
early brain damage. On the 
left, a possible type of 
reorganization following 
early damage of the optic 
radiations. The 
thalamocortical 
connections are able to 
bypass the lesion and reach 
the final cortical target 
(primary visual cortex). A 
full recovery of conscious 
vision can be achieved. On 
the right, the 
reorganization mechanisms 
following early damage to 
the primary visual cortex. 
Circuits connecting the 
retina with extrastriatal 
visual structures are expanded, in particular involving the superior colliculus and the pulvinar. A full 
recovery of conscious vision cannot be achieved, but a high degree of functional compensation is 
obtained, consisting of near normal exploratory visual behavior and navigation. LGN, lateral 
geniculate nucleus; SC, superior colliculus; Pul, pulvinar. 
Reorganization of visual function appears to be more effective after early brain 
damage. This may be due either to reconnection with targeted structures or to 
the use of compensating circuits. Even if such circuits are not able to restore 
conscious visual perception on the contralesional hemifield, they seem to allow 
for good compensation in spatial orientation and localisation. These conclusions 
are being confirmed by a study in progress at the Stella Maris Scientific Institute; 
this is aimed at demonstrating how, in a visual search task, congenital hemianopic 
subjects perform normally, whereas patients with acquired hemianopia are 
significantly compromised [43]. 
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2.4 Cerebral plasticity and environmental enrichment 
2.4.1 The animal model 
Research on development and plasticity of the central nervous system (CNS) 
increasingly uses the model of environmental enrichment. The latter has revealed 
unexpected effects of the environment on cognitive functions, behaviour and 
aging processes, providing information on a cellular and molecular basis [44, 45]. 
Although the vast majority of studies based on environmental enrichment 
protocols have been carried out in animals, some evidence on their application in 
humans is now available [21]. 
The first observations about the effects of enrichment were made almost 
serendipitously at the end of the forties by the Canadian neuropsychologist 
Donald Hebb [46]. From time to time he used to take one or two rats from their 
laboratory cages and bring them home for some weeks as pets for his children. 
He noticed that these rats would gradually become more curious, less frightened, 
and more prone to explorative behaviour. In particular, he observed that once 
these rats were brought back to the laboratory, their performance in several 
behavioural tests was better than those of rats that had never left their usual 
cages. These pioneering observations inspired various studies on the rat, done 
principally at Berkeley University, where a group of neuroscientists, coordinated 
by Mark Rosenzweig, demonstrated how the experience of what they called an 
‘enriched environment’ led to a significant and consistent improvement in tasks 
involving cognitive functions, especially learning and memory [47].  
The exposure to a complex environment is obtained by raising rats in numerous 
groups, in larger than standard cages, equipped with stairs, tunnels, various 
coloured objects, frequently changed nesting materials which enhance 
exploratory behaviour, and running wheels for spontaneous exercise. It was 
shown that one of the most significant effects of environmental enrichment 
involve hippocampal-dependent performance, such as spatial memory (evaluated 
with a Morris water maze), both through direct performance improvement (active 
effect) and through a reduction in progressive cognitive decline normally 
associated with the aging process (protective effect) [48, 49]. At the same time, 
several studies showed the influence of environmental enrichment on emotional 
reactions and stress, supporting its potential anxiolytic effect, mediated, for 
instance, by preventing enhancement of cortisol levels in response to induced 
stress (a low intensity electric shock) [50].  
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Further experimental evidence showed that the improvement in behavioural 
performance in environmentally enriched animals is accompanied by anatomical 
modifications of the cerebral cortex – for example, an increase in cortical weight 
and thickness, increased neuronal cellular bodies and cell body dimensions, and 
dendritic structural modifications (enhanced arborisation in the pyramidal cells of 
layers II, IV, and V in the occipital cortex, increased dendritic length and 
arborization field, and an increase in synaptic spine length by up to 10 per cent in 
basal dendrites) [51].  
Another structure highly sensitive to environmental enrichment is the 
hippocampus, where modifications similar to those reported for the cortex were 
found, involving pyramidal cells of CA1 and CA3 areas and the dentate gyrus [48, 
52]. 
Despite the large amount of data collected for the adult animal model, the 
possibility that the complex stimulation provided by environmental enrichment 
had effects on the early stages of CNS development has been explored only 
relatively recently. Taking visual system development as a paradigm of nervous 
system development, it was shown that exposure to environmental enrichment 
from birth in the rat prevented the effects of dark rearing on cortical visual 
development [49]. This suggested that there are factors contributing to the 
development of the visual cortex through which environmental enrichment 
establishes its effects that are not under the direct control of visual experience. 
Other studies in the rat showed that rearing the animal in environmentally 
enriched conditions leads to a significant acceleration of visual system 
development, revealed at behavioural, neurophysiological and molecular level 
[53]. In particular, these animals, compared to controls reared in standard 
conditions, exhibit earlier eye opening and faster visual acuity development. 
Some of the principal changes observed in enriched rats were first evident at very 
early ages (7 to 15 days from birth), when pups still spend almost all the time in 
the nest. The precocity of these events makes a direct effect of environmental 
enrichment on the pups unlikely; it has thus been hypothesized that 
environmental enrichment encourages a higher level of maternal care toward 
pups (in terms of physical contact, licking and grooming behaviour, and so on) 
that would act as an indirect mediator of the enrichment effects on visual system 
development. It was soon demonstrated that the increased licking behaviour and 
physical contact experienced by environmentally enriched pups is accompanied 
in the first week of life by higher levels of brain-derived neurotrophic factor 
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(BDNF), a decisive neurotrophin for visual cortex plasticity in the early stages of 
development during a specific critical period [53, 54]. 
A recent study underlines the key role of insulin-like growth factor 1 (IGF-1) in 
mediating the effects of environmental enrichment on visual system development. 
In particular, it provokes an increase in IGF-1-positive neurones in the visual 
cortex. Increasing the IGF-1 levels in the visual cortex of non-enriched rats by 
means of osmotic minipumps leads to an acceleration of visual acuity 
development, while blocking the action of IGF-1 on the visual cortex in enriched 
animals with IGF-1 receptor antagonists blocks the action of IGF-1 on the 
development of visual acuity [55]. The effect of IGF-1 on the enhancement of 
neuronal activity had been demonstrated previously [56], as had its role in several 
pre- and postnatal events that guide central nervous system development, such 
as cell proliferation control, glycogenesis, neurogenesis, neuronal survival, 
differentiation, synaptogenesis, and myelination [57, 58].  
 
2.4.2 Infant massage as a form of environmental enrichment in the human being 
Infant massage, described in the previous sections, could be a valid form of 
environmental enrichment for two main reasons: it represents a well known and 
widely used intervention in Neonatal Intensive Care Units (NICU) and, as already 
mentioned above, data in rodents show that pups reared in an enriched 
environment receive in their first days of life a greater amount of tactile 
stimulation, through maternal licking, grooming and physical contact, thus 
suggesting that tactile stimulation represents a crucial component in early 
environmental enrichment. Smooth massage performed on preterm (<37 weeks) 
or low birthweight infants (<2500 g) has some positive effects on development 
and behaviour [21]. Massage has an effect in both countering the stress-inducing 
stimuli of the NICU (bright light, constant noise, and so on) and providing an 
additional amount of tactile stimulation, thus constituting an instrument capable 
of assisting growth and development in these selected newborns. However, as 
reported above, clinical evidence of the effect of the massage in preterm 
development is still weak. Preliminary data resulting from a recent study in 
preterm infants (See chapter 4, Fig. 4.1) show that massage increases IGF-1 blood 
levels and leads to an acceleration of visual system maturation and to a 
modification of electroencephalographic activity [59].  
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It is reasonable that IGF-1 could play a role as a mediator of the effects of 
therapeutic massage on visual development in infants, as in rats. This could occur 
through an acceleration of the maturation of the intracortical inhibitory circuits 
that shape the receptive fields of the visual cortex [60, 61]. The presence of lower 
plasma levels of IGF-1 and IGF-1 binding protein in premature subjects has been 
correlated with an increased incidence of retinopathy of prematurity (ROP) [62, 
63]. Therapeutic massage, causing an increase in plasma IGF-1 and to a lesser 
extent IGF binding protein-3, could have a clinical application in preterm infants, 
especially between 30 and 35 weeks of postmenstrual age when typically ROP is 
induced [63]. 
The effect of massage is not limited to the visual system, as shown by a significant 
difference in EEG power between massaged neonates and controls [64]. There is 
evidence that such changes in the EEG in preterm infants approaching term are a 
positive phenomenon, probably related to an increase in synaptic density and 
connectivity [65, 66]. Recently, a direct link was shown between environmental 
enrichment, synaptic plasticity, and the spectral power of slow wave activity, 
sustaining the concept that the sleep EEG is strongly influenced not just by the 
length of the previous waking period, but also in general by its quality [67, 68]. 
This study maintains the idea that therapeutic massage favours the maturation of 
bioelectrical cerebral activity through a process similar to that occurring in utero 
in term neonates, probably by attenuating the discrepancy between the 
intrauterine and the extrauterine environment.  
 
2.5 Conclusions 
How can we summarize present knowledge on cerebral plasticity and 
reorganization following early brain damage? The emerging concept, based on 
studies on both human and non-human subjects, is that functional reorganization 
in children is similar to that in adults, but there are differences. An understanding 
of the specific mechanisms of cerebral plasticity in infancy is far from complete. 
Such knowledge will, however, be essential for the definition and development of 
therapies based on sound neurobiological and neurophysiological principles. 
Information is needed about not only the type of treatment, but also its timing, 
dosage, and means of administration.  
Preliminary data support the view that infant massage represents a model of 
environmental enrichment in the human that shares significant characteristics with 
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animal models. Effects of infant massage are observed at the 
electrophysiological, behavioural, and molecular level. The visual system seems 
particularly sensitive to environmental enrichment effects, even when the 
enrichment is not directly focused on increasing visual stimulation. 
Brain mapping techniques, and in particular fMRI, have provided answers to many 
questions. Implementations of other technologies, for example advanced brain 
structural and functional connectivity, will provide further insights on the 
mechanisms of lesion- and environment-related plasticity. 
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  Chapter 3 
Early Intervention 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
From (see appendix II): 
5 - Cioni G, D'Acunto MG, Paolicelli PB. Early Intervention. In: Neurology of the infant. Mariani 
Foundation Pediatric Neurology Series – XIX London-Paris, John Libbey Eurotext Ltd, 2009. 
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3.1 General principles of early intervention 
The concept of early intervention was introduced into clinical management some 
decades ago but its importance has increased considerably over the last 20 to 30 
years, thanks to new methods of intervention and greater systematic use in 
clinical practice. A greater push for intervention programmes has been created by 
the increasing number of surviving preterm infants with brain lesions and motor, 
cognitive and behavioural disabilities [69, 70]. In fact, the survival rate for 
extremely low birthweight preterm babies has been increasing while the disability 
rate has remained constant. Up to 50 per cent of these infants later show 
developmental disabilities and disorders (5–15 per cent cerebral palsy) [71, 72]. 
In the current literature three main at-risk populations have been identified for 
early intervention: i) high-risk children as a result of low socioeconomic status and 
limited home environmental stimulation; ii) children with disorders causing 
developmental delay (for example, Down syndrome, sensory impairment); iii) 
children at biological risk because of conditions that could lead to developmental 
disorders (for example, preterm birth, low birthweight, asphyxia). 
According to Hadders-Algra [73], early intervention consists of ‘multidisciplinary 
services provided to children from birth to 5 years of age to promote child health 
and well-being, enhance emerging competencies, minimize developmental delay, 
remediate existing or emerging disabilities, prevent functional deterioration, and 
promote adaptive parenting and overall family functioning’. According to this 
definition, ‘early intervention’ includes both prevention and rehabilitation, and 
may be interpreted as two different phases of the same process for those children 
who, at a later age, show a specific neurodevelopmental dysfunction that requires 
particular therapeutic programmes (physical, linguistic, cognitive, educational, 
behavioural). 
Depending on when they are applied, early intervention programmes may be 
categorized as neonatal intervention programmes, focused on the environment, 
infant and parents, and mainly designed to minimize the stress on infants in 
neonatal intensive care (NICU), and postnatal intervention programmes, which 
begin soon after discharge or in the first year of life, with or without an in-patient 
hospital component, aimed at enhancing infant development. 
Family-focused programmes involve family participation at centres or through 
home visits. These interventions are directed at improving parenting skills and 
relationships. By optimizing caregiving behaviour, parent-child interactions are 
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facilitated and subsequent child development is enhanced. Parents are effective 
agents for maximizing the developmental performance of their children. They 
play an essential role as active participants in early intervention and are involved 
in identifying goals and specific needs [74-76]. 
A recent Cochrane review [77] suggests that interventions with components that 
focus on the parent-infant relationship have a greater impact on cognitive skills 
for infant and preschool subjects than interventions focused only on infant 
development or parental support. Although interventions focused solely on infant 
development had the greatest impact on motor development, the effect was not 
significant and the studies were of low quality. 
 
3.2 Family-centred care 
Recent reports suggest there have been important modifications in the approach 
to health care, changing its main objective. This is now shifting from providing 
treatment to supporting and improving the individual as a whole, thus ensuring a 
better all-round quality of life. The family is considered to be the ecological 
system of child development in which parents and family, as primary caregivers, 
play a vital role in ensuring the health and well-being of children. The child grows 
up and performs in the family context and here learns and selects social 
behaviours; the family has a key role in promoting the child’s developmental 
potential [75].  
Family-centred care is an approach to the planning, delivery, and evaluation of 
health care based on a partnership between health professionals and patient 
families [78]. It is a current and very widespread model of early intervention, 
rehabilitation and other health problems, not only in childhood but also for 
adults. As reported in the definitions proposed by the Canadian Center for 
Childhood Disability Research and by the Institute for Family-Centred Care, the 
main concepts of this health care model for both children and adults are the 
central role of the parents as experts in their child’s needs, and the importance of 
partnership between parents and providers of services. 
Great efforts are now being devoted to demonstrating the efficacy and utility of 
this new model of health care by means of valid and reliable measures [79, 80]. 
However, the development of measures that quantify human interactions is 
especially difficult as they must take into account the presence of many subjective 
factors [80, 81]. The importance of a family-centred care is confirmed by a recent 
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meta-analysis reported significant clinical effects of early interventions involving 
parents up until 36 months [19] and a RCT recently published demonstrating that 
a preventive care program for very preterm infants and their families improved 
behavioral outcomes for infants and reduced anxiety and depression for primary 
caregivers [82]. 
 
3.3 Developmental care interventions 
A family-centred approach is a fundamental part of early intervention for preterm 
infants in the NICU. The environment of the NICU, so different from the 
intrauterine environment, may have a negative impact on neurodevelopmental 
outcome in the preterm infant. The infant’s sensory experiences in the NICU – 
including exposure to bright lights, loud sounds, and frequent disturbing 
interventions – has been assumed to have negative effects on the immature brain, 
with alterations in subsequent development [83-85]. Taking into account the 
importance of experience on animal brain plasticity, particularly during critical 
periods, Als proposed an intervention called Developmental Care, aimed at 
minimizing the negative impact and stress of environmental exposure on brain 
development in NICU at such a critical time [86]. Developmental care is a broad 
category of interventions mainly based on positioning, clustering of nursery 
activities, modification of external stimuli and individualized developmental care 
interventions. 
The Newborn Individualized Developmental Care and Assessment Program 
(NIDCAP) is without any doubt the best known early intervention programme in 
the NICU. It is particularly common and widespread in the USA and Sweden. 
 
3.3.1 Newborn Individualized Developmental Care and Assessment Program 
(NIDCAP) 
’Developmental care’, introduced in the mid 1980’s [87] is an approach that was 
designed to modify the NICU environment so as to minimize the stress 
experienced by the preterm infant, whose rapidly developing brain is particularly 
vulnerable to a stressful environment. The detrimental effects of this stress could 
have short and long term implications for neurobehavioural development. A 
negative impact of the NICU environment can be shown by the preterm infant in 
different ways, such as altering physiological parameters like heart rate and 
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oxygen saturation or affecting infant growth due to increased energy expenditure 
occurring during routine nursery care. 
A number of elements are included within the developmental care concept such 
as control of external stimuli (vestibular, auditory, visual, tactile), clustering of 
nursery care activities, and positioning or swaddling of the preterm infant so as to 
provide a sense of containment similar to the intrauterine experience. Programs 
such as the NIDCAP utilize a combination of these strategies depending on the 
individual needs of the infant, thus including a pre-assessment using an 
instrument designed for this purpose that was developed from the assessment 
protocol of the Brazelton Neonatal Behavioral Assessment Scale [87]. This 
involves the evaluation of the respiratory status, colour, visceral responses (e.g. 
gagging, hiccoughing), motor state (e.g. tone, posture), facial expressions (e.g. 
grimace, smile), and attention, as an individualized assessment used to appraise 
infant’s tolerance to the environment and caregiving activities. 
Als articulated a theory of subsystem differentiation (Synactive Theory) and 
integration within the newborn in interaction with the environment, identifying 
three main subsystems: (1) the autonomic subsystem (color fluctuations, breathing 
patterns, and visceral stability); (2) the motor subsystem (body tone, posture, and 
movement); and (3) the state subsystem (range of available states, state 
robustness and modulation, and transition from one state to another). Within the 
infant’s state subsystem, the infant’s alertness and attentional and interactive 
ability is assessed as well [88].  
Two categories of behaviors derive from each of these 3 subsystems, 
approach/self-regulatory behaviors and stress behaviors. The infant has strategies 
or behaviors available to move toward and take in stimuli (approach/self-
regulatory behaviors) if the input is appropriate in timing, complexity, and 
intensity in relation to the infant’s thresholds of functioning.  Conversely, the 
infant has strategies to move away from or avoid inputs that are too complex or 
intense or are inappropriately timed. Such behaviors are thought of as stress 
behaviors. These behaviors may include a color change from a pinkish hue to pale 
(autonomic system), stretching out of his or her legs and feet away from his or her 
body (motor subsystem), and/or facial grimacing (state subsystem). The meaning 
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of any specific behavior must be interpreted within the context in which it occurs. 
The infant’s self-regulatory ability and success of his or her efforts to maintain or 
regain balance are assessed across subsystems. According to the synactive theory 
understanding preterm infant’s behavior implies the evaluation of his or her level 
of organization and overall subsystem balance while simultaneously being 
attuned to the infant’s stress threshold. When subtle signs of stress begin to 
appear (eg, diffuse squirming), the caregiver respectfully and sensitively responds 
to the infant’s signs of disorganization (eg, supporting the infant to maintain his or 
her arms and legs tucked up close to his or her body through gentle hand 
containment) to support the infant in maintaining subsystem balance. The 
sensitive and supportive responses to the infant are the basis for the NIDCAP 
recommendations or care. 
Als and other groups have reported positive effects of NIDCAP with respect to 
short term outcome (for example, a reduced requirement for assisted ventilation, 
fewer intracranial haemorrhages, faster weight gain, shorter hospital stay, and 
better behavioural scores at the time of discharge) [84, 89-91], as well as 
improvement in parent-infant interaction and early child development [85, 86, 92]. 
Functional and brain structural differences between low risk preterm infants who 
had NIDCAP intervention and a standard care group have been published [93]. In 
particular, the NIDCAP group showed better neurobehavioural functioning, 
increased EEG coherence between brain regions (indicating a change in 
connectivity between brain regions), and MRI findings suggesting more advanced 
white matter maturation.  
However, Symington & Pinelli [20] in a recent Cochrane Review concluded that 
‘these interventions may have some benefits on the outcomes of the preterm 
infants but there continues to be conflicting evidence among the multiple studies. 
Before a clear direction for practice can be supported, evidence demonstrating 
more consistent effects of these interventions on short and long-term clinical 
outcomes is needed. The economic impact of the implementation and 
maintenance of developmental care practice should be considered by clinical 
institutions’. Therefore, high quality randomized trials are still required to support 
the favourable effects of developmental care and NIDCAP. 
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3.3.2 Massage therapy 
Massage therapy is based on tactile, vestibular, auditory, visual and kinaesthetic 
stimulations, used alone or in various multisensory combinations, in order to make 
up for the impoverishment of the various stimuli that preterm infants would 
otherwise experience in the intrauterine environment or with postnatal mothering 
care [94]. Massage therapy was introduced in the NICU primarily with the aim of 
improving weight gain, in particular in low birth-weight subjects during their 
hospital admission, and, as a consequence, to obtain an earlier hospital discharge 
[95]. 
The term ‘massage’ refers to any form of tactile skin stimulation performed by 
human hands. There are differences in technique – for example, in the pressure 
applied and the sequences in which each body part is massaged. The type of 
massage used in NICU is gentle, slow stroking, and involves all parts of the body.  
In the model proposed by Tiffany Field [96], preterm infants receive 15-minute 
massages three times a day for 10 days, and each stimulation session consists of 
three standardized 5-minute phases. Tactile stimulation is given during the first 
and third phases, while kinaesthetic stimuli are applied during the middle phase. 
Massage therapy begins with the infant in a prone position followed by a middle 
supine phase, and a final prone one. Gentle stroking is carried out with warm 
hands following a well defined and sequenced methodology. 
Gentle, ‘minimal’ touch is another technique applied by nurses who place their 
hands on the infants gently as they sleep. The hands should not move or stroke 
the skin, and are removed after 15 or 20 minutes.  
Several studies using infant massage have shown positive effects on weight gain, 
behavioural reactions, postnatal complications, and hospital discharge [97, 98]. 
Hormonal changes, in particular decreased blood cortisol, have also been 
reported in massaged preterm infants [99, 100]. 
A recent approach called ‘positive touch’ has been proposed by Bond [101]. This 
method is primarily practiced by parents and involves various types of infant 
touch interaction including handling, holding, kangaroo care (or skin-to-skin 
contact care) and massage. 
A recent systematic review of the effects of infant massage in preterm infants 
concluded that there were positive effects on weight gain and reduced length of 
stay in the neonatal intensive care unit, but that the evidence of long-term benefit 
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was still weak and did not warrant wider use of massage without further research 
[21].  
 
3.3.3 Kangaroo care 
Maternal Kangaroo Care (MKC) is a caregiving modality that has been used to 
enhance the stress regulatory capacity of stable ill newborns and it is now being 
tested to relieve procedural pain in neonates. MKC originated in Columbia in 
1978 when it was discovered that laying the unclothed infant vertically between 
the mother’s breasts and under her clothing (kangaroo positioning) improved the 
survival of premature infants [102]. Many benefits of MKC have been reported 
although mechanisms underlying the intervention remain unclear [102-104]. It is 
thought that kangaroo positioning improves infant physiological stability, thermal 
regulation and state organization and that being held upright exposes the infant 
to combinations of sensory stimulation (kinesthetic tactile auditory, olfactory, 
visual and vestibular) [104]. 
Current findings show that MKC significantly reduces behavioral distress from a 
single pain procedure compared to control conditions in full-term infants and 
stable preterm infants aged 26 weeks GA or older [105].  However, the 
magnitude of the effects of MKC remains unclear without the reporting of 
separate and pooled effect sizes.  
A recent study about the effects of KMC and mother-preterm infant dyadic 
interaction revealed a better mother–infant interactive style, a significant decrease 
in maternal emotional stress, and better infant ability to make requests and 
respond to parental interactive style in the KMC group [106]. 
 
3.3.4 Other programmes 
Many other early intervention programmes have been proposed, varying widely 
with respect to starting age, intervention frequency, type of stimulation, 
intervention focus, duration of the stimulation, duration of follow-up, and the 
measurement tools used to evaluate outcomes [73, 77]. Some studies applied 
prevention programmes aimed at thwarting neurodevelopmental delays or 
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dysfunctions, whereas in others, rehabilitation programmes directed at specific 
motor, cognitive or language disorders are proposed. 
In the first group, the theoretical construct of early intervention includes teaching 
parents about infant development and milestones [107-109], understanding 
behavioural cues [108, 110, 111], early educational intervention [107], and 
enhancement of infant-parent relationships [108, 110]. In the second group of 
studies, physical therapy or language therapy have been used [108, 112, 113]. 
The aim of intervention programmes varies, but it is mainly directed at improving 
cognitive or motor development, or both. 
A recent Cochrane review by Spittle et al. [77] concluded that the great 
heterogeneity between types of early intervention makes it difficult to compare 
the results of various studies in order to establish the real effectiveness of early 
intervention programmes in children at developmental risk. On the basis of the 
studies included, they reported a significant impact of early intervention in 
preterm children on cognitive development at school age, but little evidence of 
the effect of early post-discharge programmes on motor development. 
Blauw-Hospers & Hadders-Algra [73] also reported no significant effects on motor 
development in children at high risk of disabilities when physiotherapy (in 
particular passive handling techniques) was applied. On the other hand, some 
evidence of effectiveness on motor development was found in programmes in 
which parents learn how to promote infant development or in others that 
included some specific motor training programmes. 
 
3.4 Conclusions 
Despite much interest by clinicians and the wealth of publications in the 
international literature, so far scarce evidence has been provided on the 
effectiveness of early intervention programmes. The most important problems 
underlined by meta-analyses are the great heterogeneity between the aims and 
the types of intervention and the low methodological quality of the studies 
conducted up to now, mainly relating to the selection of subjects and the blinding 
of the observers. 
More high quality randomized trials and longer follow-up periods are needed to 
evaluate the benefits of early intervention programmes on the clinical outcome 
and to justify the economic impact of these programmes. 
	  	  
	   CHAPTER	  3	   	  	   	  
46	  
Promising results from animal models have improved our understanding of the 
cellular and molecular effects of environmental stimulation on neuroplasticity 
under normal and pathological conditions. These results may provide a stimulus 
for the improved application of these programmes in terms of the aims of the 
intervention, the type of neurological dysfunction assessed, the type of 
stimulation given, and the age at which stimulation is begun. 
	  Chapter 4 
Effects of preterm infant 
massage on brain electrical 
activity 
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4.1 Background 
As outlined in the previous chapter, early intervention programmes based on the 
manipulation of the extra-uterine environment, and among them infant massage 
therapy, have been used in preterm infants with the aim of optimizing the infant’s 
sensory experience and thus potentially improving development and functional 
outcome [20]. As described earlier, infant massage is a form of systematic tactile 
stimulation by human hands, consisting in a gentle, slow stroking of each part of 
the body in turn. It is often combined with other forms of stimulation such as 
kinaesthetic stimulation (e.g. passive extension ⁄ flexion movements of the arms 
and legs), talking, or eye contact [21].  
Very little is known about the possible mechanisms of effect of massage on early 
brain development. In a recent study in preterm infants we have reported a 
significant effect of massage on the maturation of visual function, in line with the 
findings of a parallel study in a mouse model [59]. We found a larger latency 
shortening of the most prominent peak of flash visual evoked potentials, N300, 
between pre- and post-massage assessments in massaged babies, relative to a 
control group, associated with an increase of behavioural visual acuity persisting 
beyond 3 months of post-term age. We also performed a visual analysis of 
electroencephalography (EEG) activity and reported a much larger degree of 
shortening of the inter-burst intervals during quiet sleep between pre- and post-
massage assessments in massaged babies, relative to a comparison group (Figure 
4.1). More recently, acceleration of brain maturation as measured with different 
EEG parameters was also reported in healthy preterm infants undergoing skin-to-
skin contact, a different kind of neurodevelopmental intervention [114]. 
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Fig. 4.1 (a) Difference between premassage and postmassage assessment of maximum interburst 
interval (EEG). Boxes indicate median (black horizontal line), interquartile values, and range. 
Massaged infants show larger differences between T2 and T1, which are statistically significant from 
those in controls (Mann–Whitney test, *p = 0.011). (b) Difference between premassage and 
postmassage assessment of N300 latency (fVEP). Massaged infants show larger differences between 
T2 and T1, which are statistically significant from those in controls (Mann–Whitney test, *p = 0.013). 
c, Behavioral visual acuity measured in cycles per degree (c/deg) by means of the Vital-Durand 
Acuity Cards at 3 and 7 months corrected age. Bars indicate mean values and SEM. Visual acuity in 
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massaged infants is significantly higher than in controls at 3 months (*p = 0.001, t test). This 
difference is no longer present at 7 months. Normal values for term-born infants are 3–5.2 c/° at 3 
months and 6.8 – 8.8 at 6 months. d, Variation between premassage and postmassage assessment 
of blood IGF1, IGFBP3, and cortisol (T2-T1/T1). Differences between the two experimental groups 
are significant for IGF-1, with massaged infants showing a smaller decrease between T1 and T2 (**p 
= 0.001), and for cortisol, with massaged infants showing a stronger decrease (*p = 0.029). No 
significant difference was found for IGFBP3 ( p = 0.1). 
These findings are consistent with the numerous reports of different EEG 
characteristics in preterm infants at term age compared with term newborns (i.e. 
at comparable post-conceptional age), which suggest an effect of extra-uterine 
life on EEG maturation. One of the most studied aspects of EEG maturation 
concerns the modifications of EEG spectral power, a quantitative measure of the 
energy of bioelectrical activity that tends to decrease in preterm infants from birth 
to term age [115]. 
In the present study we further analyse the effects of infant massage on the same 
cohort of preterm infants as our previous study, testing the hypothesis that this 
type of intervention can affect the maturation of brain electrical activity as 
assessed by EEG spectral analysis, a quantitative measure of EEG activity that in 
preterm infants is highly sensitive to brain maturation [116]. 
 
4.2 Methods 
4.2.1 Participants 
Twenty newborns with a gestational age between 30 and 33 weeks, admitted to 
the Neonatal Unit of the University Hospital of Pisa, Italy, were consecutively 
recruited for the study from November 2005 to August 2007. Inclusion criteria 
were (1) birthweight between the 25th and 75th centile, (2) birth length greater 
than the 10th centile, and (3) no or minor abnormalities on brain ultrasound 
(transient flare, mild isolated ventricular dilation). Infants with genetic anomalies, 
con- genital heart malformations, central nervous system dysfunction, or medical 
conditions primarily related to immaturity, such as respiratory distress syndrome, 
hyaline membrane disease, apnoea, elevated bilirubin, and hypoglycaemia and 
hypocalcaemia, were excluded. After parental consent was obtained, each 
participant was randomized into the massage or comparison groups by drawing 
from a container a sealed and unlabelled envelope.  
To avoid contamination and to optimize resource allocation, the process of 
selection of a new participant for enrolment was suspended until the previous 
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participant had completed the post-training assessment. When the process of 
recruitment was reopened, the first participant, based on date of birth, meeting 
the inclusion criteria and consenting to the study was recruited. Written informed 
parental consent was obtained in all cases. The study was approved by the Ethics 
Committee of the Stella Maris Foundation and Pisa University Hospital.  
 
4.2.2 Massage therapy  
Massage therapy was started on postnatal day 10 (±1). Sessions were performed 
three times a day for two blocks of 5 days each, separated by a 2-day interval 
(Fig. 4.2). Each massage session was performed approximately 60 minutes before 
feeding, and at least 2 hours after the completion of the previous stimulation.  
 
Fig. 4.2 Study protocol. 
Timings of EEG and 
massage sessions are 
shown. 
 
 
 
Each treatment session consisted of 10 minutes of tactile stimulation, followed by 
5 minutes of kinaesthetic stimulation. During tactile stimulation, the infant was 
placed prone and was given moderate-pressure stroking with the flats of the 
fingers of both hands (Fig. 2a). Head, neck, shoulders, buttocks, and both legs 
and arms were massaged. For the kinaesthetic phase, the infant was placed in a 
supine position. Passive flexion ⁄ extension movements of the limbs in sequence 
were applied (Fig. 2b).  
	  	  
	   	   CHAPTER	  4	   	  	   	  
52	  
 
Fig. 4.3 The two phases of massage therapy. (a) Prone phase: tactile stimulation of shoulders and 
back with moderate pressure stroking with the flats of the fingers of both hands. (b) Supine phase: 
kinaesthetic stimulation through passive flexion ⁄ extension movements of the lower limbs. 
 
4.2.3 Pre-massage (T0) and post-massage (T1) EEG  
EEG was performed at the bedside using a portable digital EEG system 
(Micromed System Plus; Micromed, Mogliano Veneto, Italy). EEGs were recorded 
before the massage therapy, at around 1 week of age (±1d), and after the 
massage therapy, at around 4 weeks of age (±2d; Fig. 1). In participants 
randomized in the comparison group, EEGs were performed at the time points. 
Recordings were obtained from eight active electrodes (Fp1–2, C3–4, O1–2, T3–4 
of the international 10–20 system) and one reference electrode (Fz) applied to the 
scalp using adhesive paste. EEG was recorded for at least 40 minutes and 
included all states of sleep. A low-pass filter was set at 70 Hz and a high-pass filter 
at 0.3 Hz. A sampling rate of 256 Hz was used for digitization. For the spectral 
EEG analysis, four segments of 20 s were selected from the parts of EEG where 
medium⁄high voltage slow waves without artefacts were continuously observed 
during active sleep [115]. 
Selection of EEG segments was made by careful visual inspection using bipolar 
montage by one of the authors with extensive experience in neonatal EEG (AG), 
blind to group allocation. Active sleep was chosen for the analysis as (1) spectral 
power during active sleep in preterm infants was reported to have a significant 
correlation with gestational age and other indexes of brain maturation [117] and 
(2) active sleep is the phase of continuous activity that is generally the least 
affected by movement artefacts. 
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Signal processing was performed using the manufacturer’s software (Micromed 
software Analyzer; Micromed). Amplitude spectral analysis was performed 
applying the fast Fourier transform on the signal obtained from eight monopolar 
derivations (Fp1, Fp2, C3, C4, T3, T4, O1, O2). The square root of EEG power 
analysed by fast Fourier transform algorithm, expressed in microvolts, was used 
for the analyses. The spectrum was divided into the main four frequency bands: 
delta, 0.5 to 4.0 Hz; theta, 4.5 to 7.5 Hz; alpha, 8.0 to 11.0 Hz; beta, 15.5 to 25.0 
Hz. The performance of spectral analysis was improved by pre-processing the 
signal by de-trending (removal of any direct current component), tapering 
(windowing of the signal), and overlapping (consecutive epochs of 2s were 
overlapped by 1s). Global absolute power was measured by averaging the values 
of all electrodes. Local absolute power was measured for each lobe by averaging 
the values of paired  homotopic monopolar derivations (e.g. C3 and C4).    
 
4.2.4 Statistical analysis   
Statists were analysed using the Statistical Package for the  Social Sciences (SPSS, 
version 14.0; IBM SPSS, Chicago, IL,  USA). Within-group differences were 
analysed by a paired-sample t-test, unadjusted [118]. Between-group differences 
were analysed by a two-way analysis of variance for repeated measures with time 
(pre- vs post-massage) and participant group  (massaged vs comparisons) as 
factors. Levine’s test was used to assess equality of variances [119]. The level of 
significance was set at p<0.05.    
 
4.3 Results 
4.3.1 Within-group analysis   
The results of the within-group analysis of spectral power variation between T0 
and T1 are shown in Table 4.1.  Infants in the comparison group showed a 
significant variation of global absolute power in delta and alpha bands. In the 
same band, a significant decrease of absolute power was also observed when 
considering topographical variations in all regions, with the exception of delta 
band variations in the  occipital leads.  
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Table 4.1 Results of the paired-sample t-test between T0 and T1 on the two groups. 
 
 
No significant variations were observed for the theta and beta bands, neither for 
the global nor for the local spectral power.  Massaged infants showed no 
significant variations of global absolute power in any of the four frequency bands 
explored.  When assessing topographical variations of spectral power a significant 
increase was observed in the central regions for delta and theta bands, whereas a 
significant decrease was observed in the temporal regions for delta and alpha 
bands.    
 
Fig 4.4 Global and local spectral power (SEM) at T0 and T1 in massaged (open circles) and control 
infants (filled circles). The four frequency bands are shown. Asterisks indicate significant interaction 
between time and participant group with the two-way analysis of variance (*p=0.046; **p=0.001; 
***p=0.044). 
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4.3.2 Between-group analysis 
Repeated measures analysis of variance was used to assess the effect of time 
(pre- vs post-massage) and participant group (massaged vs comparisons) on 
global and local EEG spectral power (Fig. 4.4).   
The interaction between time and participant group was significant for the global 
spectral power in the delta band  (F1,15=4.7, p=0.046), for the local spectral 
power from the central leads in the delta band (F1,15=15.8, p=0.001), and in the  
beta band (F1,15=4.8, p=0.044) (Fig. 4.4). This was due to the significant 
decrease of EEG spectral power in non-massaged infants relative to massaged 
infants between T0 and T1.  
 
4.4 Discussion 
Our results show a significant difference in spectral power during active sleep 
between newborns who underwent massage therapy and those who did not. In 
particular, the variation of global EEG power between T0 and T1 was significantly 
different between the two groups for the slow 0.5 to 4 Hz frequencies, owing to a 
reduction of delta power in comparison infants relative to massaged infants. This 
difference is especially observed in the central regions, where the variation of 
delta power is significantly different between the two groups. In the same 
regions, significant differences were also observed for the beta band. A general 
confirmation of these findings was also obtained from the within-group analysis, 
which showed a significant reduction in the comparison group of global and 
central EEG power in the delta frequencies.  
Overall, these findings support the assumption that infant massage modifies sleep 
EEG power spectral density in preterm newborns. Lower spectral values for all 
frequency bands, in particular for the delta band, have been consistently reported 
in preterm infants at term age compared with term newborns (i.e. at a 
comparable post-conceptional age), which has been interpreted as related to the 
effect of extra-uterine life [65, 66, 120]. This interpretation is supported by the 
observation that in preterm infants EEG spectral power tends to decrease from 
birth to term age, in particular for the delta and, less prominently, the beta 
frequencies [115, 121]. Also, preterm infants born at different gestational age 
have undistinguishable EEG power at similar postnatal age, suggesting that 
energy reduction is related to postnatal age (and thus to the duration of extra-
uterine life) rather than gestational age [122]. 
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Taken together, these findings reinforce the hypothesis that one of the 
electrophysiological correlates of extra-uterine experience is the reduction of EEG 
spectral power, but they do not clarify whether this phenomenon is the 
expression of a positive process of brain maturation, owing to the anticipated 
stimulation of extra-uterine environment, or rather the negative effect of 
precocious exposition to a non-physiological condition. Several pieces of 
evidence support this latter assertion. For example, the condition of a reduced 
EEG spectral power in preterm infants with low birthweight was reported to be 
associated with transient brain disorders, as in case of systemic hypotension with 
reduced brain perfusion [123] or in perinatal asphyxia [124]. More importantly, 
specific neonatal EEG-sleep measures for either healthy preterm or term infants, 
including a reduction of spectral EEG energies, were found to correlate with 
lower developmental quotients at both 1 and 2 years of age [125].  
Scher et al. [120] interpreted the relative low spectral power in preterm infants at 
term as the effect of a functional alteration in brain development related to the 
untimely exposure to the extra-uterine environment; in particular they propose 
that the extra-uterine environment could be inadequate to support the 
maturation of the thalamocortical network, resulting in an impoverishment of 
neuronal aggregates in this network, with the consequence of the reduction of 
the oscillatory potentials. A possible effect at the level of intracortical circuitry and 
corticothalamic inputs cannot be excluded [126]. We feel there is evidence 
suggesting that a higher EEG spectral power, in particular in the delta band, in 
preterm infants approaching term age is the expression of a positive 
phenomenon, likely to be at least partly related to a more advanced maturational 
stage of corticothalamic and intracortical circuits in terms of increased synaptic 
density, connectivity, and function. However, the question remains whether these 
changes can be induced by environmental enrichment, such as massage therapy.  
In animal studies, environmental enrichment enhances plasticity in cortical and 
hippocampal circuits [49]. At the cellular level, enrichment enhances synaptic 
density [127] and induces expression of factors involved in synaptic plasticity, 
such as brain-derived neurotrophic factor or insulin-like growth factor 1 [128]. Very 
recent work in adults demonstrated a direct link between exploratory behaviour, 
cortical expression of brain-derived neurotrophic factor, and spectral power of 
slow wave activity, supporting the notion that sleep EEG is heavily influenced by 
the richness of preceding wakefulness [67]. Environmental enrichment also affects 
insulin-like growth factor 1. In the same massaged infants of the present study we 
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reported a significant increase of it relative to comparisons, suggesting that 
environment may act to modulate the level of endogenous factors involved in 
brain growth regulation [59]. Consistent with our findings, an increase of insulin-
like growth factor 1 was also recently reported by Field et al. [129] in massaged 
preterm infants.  
The effect of massage in our cohort showed a topographic distribution. The 
increase of local absolute power of delta and beta band activity was limited to the 
central regions. The interpretation of these findings is not clear. Regional patterns 
of sleep EEG modification after local activation of brain regions during 
wakefulness have been reported both in the animal model and in humans [130, 
131]. In preterm infants, some reports show reduced white matter development in 
several frontal lobe projections compared with healthy term infants imaged at the 
same post-menstrual age [132]. Interestingly, Als et al. [93] studied a group of 
preterm infants enrolled in a neurodevelopmental intervention (NIDCAP) trial, 
reporting higher relative anisotropy in frontal white matter and increased 
coherence between frontal and occipital brain regions.  
Altogether these findings may suggest that in preterm infants the maturation of 
the connectivity of the central regions is sensitive to the exposition to extra-
uterine environment and can be effectively modulated by early intervention. A 
multidisciplinary approach integrating neuroimaging and neuropysiological 
studies will be helpful in clarifying this hypothesis.  
There are several limitations to our study. First, the number of participants studied 
was small. It should be noted, however, that in most of our analyses the group 
variance was low, suggesting that significant differences were not related to the 
results of a few outliers. Also, the limited number of electrodes used did not allow 
a high spatial discrimination and therefore a good localization of the activities that 
were different between the two groups. Another important limitation of the study 
is that we have not correlated EEG findings with any measure of development. 
Larger studies with long-term follow-up are needed to determine the role of 
spectral EEG changes in pre- term infants undergoing massage therapy or other 
types of early intervention.  
 
4.5 Conclusions 
We propose that the relative increase of EEG spectral power observed in our 
massaged infants is the effect of the postnatal enrichment represented by the 
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multisensorial stimulation, which might be mediated by an action on synaptic 
activity similar to that observed in enriched animals. It needs to be strongly 
emphasized that this conclusion cannot be generalized to high-risk preterm 
infants or to those with congenital brain damage, as they were not the objects of 
our observation. No conclusions can be drawn from the present study for those 
higher-risk populations. In low-risk preterm infants we suggest that massage 
therapy favours a process of maturation of brain electrical activity similar to that 
observed (in utero) in term infants, probably through an attenuation of the 
discrepancies between the extra- and intra-uterine environments. 
	  Chapter 5 
The Preterm Early Maternal 
Massage (PREMM) project: the 
protocol  
 
 
 
 
“Life began with waking up and loving my mother's face ” 
George Eliot 
 
"Being touched and caressed, being massaged, is food for the infant; food as 
necessary as minerals, vitamins, and proteins"   
Frederick Leboyer 
 
 
 
 
 
 
 
 
Manuscript in preparation
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5.1   General aim of the PREMM project 
The general aim of the PREMM project is to investigate the effects of an early 
neurodevelopmental intervention, namely infant massage performed by the 
mother, in preterm infants with gestational age 28-32 weeks. Effects on the infant 
are assessed at the behavioural, electrophysiological and neuroradiological level. 
As a secondary aim, the effect of the intervention on mother’s mood and anxiety 
and on mother-infant bonding will be also explored by means of structured scales 
and questionnaires. 
We propose several innovations to the study of infant massage in preterm infants 
that will clarify some of the remaining controversies on the effect of infant 
massage on neurodevelopment. Two of these innovations are of particular 
importance. Firstly, at variance with most previous studies, the mothers will 
directly provide the massage as part of the intervention programme. This is likely 
to have positive effects on mother-infant bonding and enhance the effectiveness 
of the intervention. Secondly, we will explore for the first time the short-term 
effects of infant massage on brain structure and function with advanced 
neuroimaging techniques (Diffusion Weighted Imaging, Fiber Tracking, Cortical 
Connectivity), which will provide new insights into the neurobiological correlates 
of massage. 
 
5.2   Background  
As outlined in chapter 1, preterm birth is associated with long-term 
neurodevelopmental abnormalities, including motor disability, reduced cognitive 
performance and behavioural problems [1].  The severity of the deficits is related 
to the degree of prematurity and the presence of brain damage [1], however 
neurodevelopmental abnormalities can be observed also in low-risk preterms 
(e.g. late preterm infants, appropriate for gestational age and without detectable 
brain injury) [133].  Although some of the clinical, neuroanatomical and 
neurophysiological differences between term and preterm infants assessed at 
term equivalent age are explained by the effect of minor complications 
associated to preterm birth, both the exposure to the extrauterine environment 
(the experience of a highly stressful environment and the lack of tactile stimulation 
normally experienced in the womb) may exert detrimental effects on the 
immature brain [95].  
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Early intervention models based on the manipulation of the extra-uterine 
environment, and among them infant massage therapy, have been used in 
preterm infants with the aim of optimizing infant’s sensory experience and thus 
potentially improving the overall functional outcome [20]. Infant massage is a 
form of systematic tactile stimulation by human hands, consisting in a gentle, slow 
and rhythmical stroking of each part of the body in turn. It is often combined with 
other forms of stimulation such as kinaesthetic stimulation (e.g. passive 
extension/flexion movements of the arms and legs), maternal voice and eye 
contact [21]. It was recently shown to have several positive effects in preterm and 
low-birth weight (LBW) infants, including weight gain acceleration [134-137], pain 
attenuation during invasive procedures [138, 139], reduction of stress and stress-
related factors and biomarkers [100, 140], reduction of late-onset sepsis [141] and 
reduction in maternal depression and anxiety [142].  
Two key aspects of infant massage and of early developmental care in general 
have received little attention in the scientific literature so far. The first is the 
contribution of a more intensive involvement of parents, and in particular the 
mother to the efficacy of the intervention. Growing evidence suggests that 
mother-infant early relationship and interaction has a powerful positive influence 
on the modulation of the effects of early developmental care. Interactions with 
parents may be compromised for preterm infants for numerous reasons including 
the emotional response of parents to preterm birth, an altered parental role as a 
non-caregiver in the nursery, the NICU environment itself and the prolonged 
parent–infant separation. On the other hand, the neurodevelopmental and 
cognitive skills of preterm infants are influenced by a variety of maternal factors, 
including the amount of skin-to-skin contact, the frequency of maternal touch and 
the presence, degree and duration of maternal postpartum depressive symptoms 
[18, 143, 144]. A recent meta-analysis reported clinically meaningful effects of 
neurodevelopmental interventions that involve parents up to an age of 36 months 
[19]. Despite this growing evidence, the full involvement of parents in early 
intervention programs and developmental care has been very limited.  
A second aspect that is still poorly understood is the neurobiological basis of the 
developmental disabilities related to preterm birth. Most studies have explored 
the short and long-term effects of developmental care on neurobehavioural 
standardized scales, or on clinical measures such as weight gain, length of 
hospital stay and of mechanical ventilation. Very little is known on the effects of 
early intervention on more direct measures of brain development, such as the 
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maturation of brain electrical activity and indexes of brain structure and function. 
There is increasing evidence suggesting that early exposure to the extrauterine 
environment significantly affects brain development from the first days/weeks of 
life. Magnetic Resonance Imaging (MRI) studies in term-born infants and preterm 
infants at term-equivalent age have shown that preterm birth alters development 
of regional brain volume [145], white matter (WM) [5, 9, 10, 132], cortex [6, 8] and 
deep gray matter [7, 12]. Electrophysiological studies have also found significant 
differences in spectral EEG measures between healthy term and preterm infants 
[65, 66, 120].  
It was demonstrated that global spectral power in preterms assessed at term 
equivalent age is lower than in term born infants; preterms show a postnatal 
reduction of delta spectral power and preterms with different gestational age and 
same postnatal age have similar spectral power, suggesting that spectral power 
reduction is correlated to postnatal rather than gestational age [65, 66]. A 
reduced spectral power in low birthweight preterm infants resulted associated to 
transient cerebral disorders [123] and a lower spectral power both in healthy term 
newborns and preterms is correlated to lower developmental quotients at 1 and 2 
years of life [125]. 
The alterations in cerebral development are generally related to the degree of 
immaturity at birth or to concomitant WM injury [7], but they can be also found in 
low-risk preterm infants [146]. 
Our research group recently showed that an early intervention in preterm 
newborns based on infant massage accelerates brain development and the 
maturation of the visual system, as assessed with electrophysiological (EEG and 
Visual Evoked Potentials - VEP) and behavioural (Visual Acuity Cards) measures, 
and the effect may be mediated by endogenous factors including IGF-1 [59, 129]. 
In a further study, reported in chapter 4, we showed that massage intervention 
can have significant effects on quantitative components of the 
electroencephalographic activity of preterm babies assessed at term-equivalent 
age, resulting in a pattern more similar to that observed in term-born infants [64]. 
This might suggest that massage therapy favours a process of maturation of brain 
electrical activity more similar to that observed in full-term infants, possibly 
through an attenuation of the differences between the extrauterine and the 
intrauterine environment. In our previous studies, massage was delivered by a 
physiotherapist in the NICU, while parents were provided with standard parental 
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support. Also, no measures of brain structure were obtained with advanced MR 
imaging techniques.  
In this project we aim to address some key remaining controversies on the effect 
of infant massage on neurodevelopment and its neurobiological correlates. 
 
5.3 Objectives 
The principal objective of the study is to determine the effect on 
neurodevelopment of an early intervention based on infant massage performed 
by the mother in preterm infants with gestational age between 28 and 32 weeks.  
The effects are evaluated at the following levels: 
- clinical, through standardized developmental scales; 
- electrophysiological, through quantitative analysis of the EEG signal 
acquired at high density; 
- neuroradiological, by means of advanced structural, morphological and 
functional neuroimaging techniques. 
 
Specific aims are: 
- to develop new techniques for EEG signal analysis and structural 
neuroimaging applicable to the newborn; 
- to determine the effect of the intervention on mother’s mental health 
(mood, anxiety and stress) by means of standardized scales and 
questionnaires; 
- to determine the effect of the intervention on mother-baby relationship 
(mother-infant bonding, maternal representations of attachment, maternal 
responsivity, maternal self efficacy) by means of standardized scales and 
questionnaires and non-structured observations; 
- in case of positive results, to define a “preterm infant massage done by 
the mother” teaching program consistent with the guidelines on “positive 
touch” in the intensive and sub-intensive neonatal care unit. 
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5.4 Methods 
5.4.1 Recruitment 
The sample consists of preterm singleton newborns (gestational age 28-32 weeks) 
born at the Royal Brisbane and Women’s Hospital in Brisbane (QLD, Australia) or 
at the University Hospital “S. Chiara” in Pisa (Italy). 
Inclusion criteria are the following: i) gestational age 28-32 weeks; ii) birthweight 
and length between the 10th and the 90th centile; iii) clinical stability and no 
need for oxygen therapy. Exclusion criteria are: i) presence of abnormalities on 
brain ultrasound including intraventricular haemorrhage, persistent periventricular 
flares, or periventricular cysts; ii) presence of genetic disorders and 
malformations. The selection criteria have to be met between day 10 of life and 
34 +3 weeks postmenstrual age. If the selection criteria are met, the parents are 
approached to seek informed written consent for participation in the study. 
Immediately after baseline evaluation, the newborns, stratified according to 
gender, are randomly allocated in an intervention group or in a control group. 
Infants and parents in the control group are given the standard care available for 
all infants, that includes daily kangaroo care and individual or group sessions with 
the therapists in the neonatal unit. Infants randomized in the intervention group 
begin, in addition to the standard care, a daily massage intervention performed 
by their mothers. Mothers of infants randomized in the control group are invited 
to participate after 44 weeks postmenstrual age of their babies to the term infant 
massage course organised by the physio department of the hospital open to all 
babies, both in Brisbane and in Pisa. 
Ten healthy term newborns are also recruited to serve as a typically developing 
comparison group. They only perform the assessments included in the term-
equivalent age outcome measures in preterm babies (see below for details). 
 
5.4.2 Intervention 
Mothers of the infants randomized in the intervention group are taught an infant 
massage program for the preterm baby in 3 individual lessons over a time period 
of one week. The lessons are provided by a physiotherapist in the neonatal unit 
with experience in infant massage or by another trained member of the research 
group (with a Certificate of Infant Massage Instructor released by the International 
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Association of Infant Massage) with clinical experience in neonatal developmental 
care.  
Massage sessions begin between 30 and 34 weeks postmenstrual age, 
depending on gestational age and clinical stability of the baby. Mothers are 
invited to perform two daily massage sessions to their babies, until 42 +/- 1 week 
postmenstrual age, when the term equivalent age outcome measures are 
programmed. The structure of the massage program is inspired to T. Field’s 
protocol [147], made of two parts: 1) a tactile phase, with the baby in the prone 
position consisting of a combination of strokes on head, limbs and back in 
sequence with one hand, while the other hand “rests” gently on baby’s back or 
bottom; 2) a kinestaetic phase, with the baby laying on his back, consisting in 
gentle passive flexion and extension movement of the limbs, with one hand 
resting gently on baby’s chest.  
In spite of maintaining the main body of T. Field’s protocol, we introduced 
substantial methodological differences inspired by Cherry Bond’s 
recommendations for “positive touch” in the neonatal unit, in order to make the 
intervention less rigid and more adaptable to the individual characteristics and 
needs of each individual baby and mother [101]. 
In T. Field’s protocol, massage is provided to the baby 3 times per day by a 
physio for a period of two weeks, each session being 15 minutes long. What we 
propose in this study is a cue-based massage, as recommended by the 
Guidelines for Infant Development in the Newborn Nursery [148, 149] and the 
International Association of Infant Massage [150]. According to this new model of 
intervention, the modalities and timing of massage are flexible and depend on 
infant’s availability and non-availability behavioural cues to receive the massage. 
Besides, being more consistent with the principles of developmental care for the 
preterm baby, this approach that involves mother-infant dyad appears to be more 
coherent also with the environmental enrichment paradigm in the animal model, 
which partly inspired our study. It was demonstrated that the effects of 
enrichment on the development of the visual system in the murine model do not 
depend directly on the influence of environmental enrichment on the pups, but 
are indirectly mediated by increased levels of maternal care induced by 
environmental enrichment [53].  
Infants do not passively undergo the intervention, but with their response they 
actively modulate it, developing with their mother a “dialogue mediated by 
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touch”. The core part of the massage teaching program to mothers consists in 
guiding mothers to the interpretation and recognition of behavioural states, body 
language and infant’s response to stimulation [148]. Starting from lesson 1, 
mothers are invited to propose two daily massage sessions to their babies, 
choosing the most feasible times of the day, depending on infant’s behavioural 
state and breastfeeding times. Each session’s length can vary (with an average 
length of 15 minutes) according to the availability and behavioural response of 
the infant. Mothers are invited to keep track of the frequency of the sessions and 
their exact duration in a given structured diary, in order to evaluate a possible 
dose-dependent effect. Mothers receive a feedback each second day from the 
massage teachers until they feel confident enough to go on independently with 
the intervention. A phone call follow-up is also carried out until term equivalent 
age. Mothers are not given the indication to stop massaging their babies after 
term equivalent age.  
In the model we propose, the flexibility of the intervention, the reduction of daily 
sessions and the primary attention to infant’s response justify the prosecution of 
the intervention for a significant longer period than in T. Field’s protocol (8-12 
weeks rather than 2 weeks), minimizing the overstimulation risk and making it 
more likely to reach modifications measurable at the neurobiological level. 
 
5.4.3 Outcome measures 
One of the potential strength of this study is represented by the multiple 
perspectives of the outcome measures, which reflect the complexity and plurality 
of levels of the intervention, that is meant to exert a beneficial effect a) on 
neurodevelopment at short and medium term, b) on mothers’ mental health; c) on 
mother-baby relationship. 
Baseline measures  
The baseline measures explore the following domains: infant medical risk factors, 
infant neurological examination, mother-infant bonding and interaction, and 
mother’s mood and anxiety.  
The following tests will be used. 
A) Medical risk factors for outcome from the child’s case notes using standardised 
ANNZN data definitions (e.g. GA, birth weight, disease severity, PIVH, PVL); 
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B) Prechtl’s method on the qualitative assessment of general movements, based 
on global visual perception for the analysis of alteration in quality and complexity 
of movements, that constitutes a robust indicator of the newborn neurological 
integrity [151]. 
C) Dubowitz Neonatal Neurological assessment, a scale for the neurological 
evaluation of the term and preterm newborn, deriving from the combination and 
adaptation of items taken from Prechtl, Saint Anne Dargassies and Brazelton 
methods in a simplified and easy to administer protocol [152];  
D) Edinburgh Postnatal Depression Scale [153] (EDPS) A 10-item self-
administered questionnaire developed for screening postpartum depression in 
women in outpatient or in home visiting settings. The EDPS has evidence of both 
internal (α = 0.80) and test-retest (α = 0.77) reliability; 
E) Depression-Anxiety-Stress Scales (DASS) [154]. A 42-item questionnaire that 
assesses symptoms of depression, anxiety, and stress in adults. Reliability is high 
for the depression (α=0.91), anxiety (α =0.84), and stress (α=0.90) scales. The 
DASS also contains good discriminant and concurrent validity. 
F) Mother-to-infant Bonding Assessment [155].  The MIBA is designed for use 
from day one postpartum, offering the mother one-word descriptors of possible 
emotions towards her new child. It is quick and easy to use; it has good reliability 
(alpha-score: 0,71). 
G) Infant Observation [156]. It is a method to understand the characteristics of the 
developing relationship between mother and infant. Developed by Esther Bick at 
the Tavistock Clinic, London more than 60 years ago, it has been widely used 
internationally for training and research in the psicodynamic-psychoanalitic field.  
 
Post-intervention measures 
Infants are assessed at 42 +/- 1 weeks equivalent postmenstrual age, at twelve 
and at twenty-four months corrected age. 
In addition to the repetition of the evaluations done at baseline, term assessment 
will include the following measures:  
H)  Brain neuroimaging (about 40 minutes): MRI is performed using either a 3.0-T 
Siemens Trio machine at the Royal Brisbane and Women’s Hospital in Brisbane or 
1.5-T GE machine at the Stella Maris Scientific Institute in Pisa. The infants are 
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fed, provided with earmuffs to minimize noise exposure, then carefully wrapped 
and placed in a vacuum fixation beanbag designed to keep the infant still and 
supported in the scanner. A series of advanced brain imaging sequences are 
acquired (T1, T2, HARDI, BOLD) and allow to explore several aspects of brain 
microstructure and function: i) Regional and global cortical surface and thickness; 
ii) White matter organization (Diffusion weighted imaging); iii) functional and 
structural connectivity of relevant regions (e.g. sensori-motor cortex, visual cortex, 
thalamus); iv) brain representation of visual and somatosensory function (block 
design paradigm and resting state functional MRI). MRI data are analysed with 
image processing techniques developed by Prof. Stephen Rose at UQCCR 
(University of Queensland Centre for Clinical Research) and implemented in MRI 
protocol analysis of babies at RBWH. 
I) High density EEG (about 45 minutes); high density EEG is obtained by an 
Electrical Geodesic System, with 64 channels. Quantitative analysis of brain 
electrical activity are performed off-line, on an active sleep phase detected by a 
clinician expert in newborn EEG interpretation, and involve spectral analysis and 
inter-intra-emispheric coherence, in order to evaluate bioelectrical cerebral 
activity maturation and cerebral functional connectivity level. 
L)  Evaluation of Visual functions: by means of a standardised scale for the analysis 
of visual function in the preterm newborn assessed at term equivalent age. It 
explores visual acuity, fixation, eye movements and visual attention at distance 
[157]. 
 
Twelve months corrected age assessment (performed at home)  
It will consist in the administration of self-report questionnaires, aimed at 
exploring maternal representations of attachment, maternal responsiveness and 
maternal mental health (mood, stress and anxiety) plus a non-structured 
evaluation of mother-infant relationship (Infant Observation model). 
M) Maternal Infant Responsiveness Instrument (MIRI) [158]: A 22-item scale 
measuring maternal responsiveness to infant cues; it is a measure of the mother ’s 
recognition of her own responsiveness, her recognition of her infant’s 
responsiveness to her, and difficulties in responsiveness. Face and content validity 
have been established using maternal child nursing experts and advanced 
practice nurse practitioners. Alpha reliability is 0.87. 
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N) Maternal Postnatal Attachment Scale (MPAS) [159].  A self-report measure to 
assess the affective aspect of the mother-to-infant bonding in the infant’s first 
year of life. Each item has a range of two to five options reflecting the frequency 
with which such an experience occurs.  An adjustment to allow for the different 
number of response categories per item is required before summing the items to 
obtain the MPAS total score. Internal reliability tested with Cronbach’s alpha 
coefficient is 0.74. 
O) Maternal Self-Efficacy Scale (MSES) [160]: A 20 item measure of mothers’ 
perceived self-competence of their maternal practice used at 12 months. The 
measure has good internal consistency (α = 0.86) and is a good predictor of 
maternal competence, with strong concurrent validity with observation. 
E and G. 
 
Twenty-four month assessment is performed in hospital (with the exception of 
item D), and lasts about 180 minutes. 
P)  Bayley III [161]. The Bayley III is a structured developmental scale used to 
assess cognitive and social-emotional development, language and motor abilities.  
Q) Infant Toddler Social and Emotional Assessment (ITSEA) [162]: It is a 136-item 
parent-report questionnaire to assess social and emotional problems and 
competencies in 4 domains of behaviour: behavioural dysregulation; externalising 
behaviour problems; internalising behaviour problems and competencies. Its 
psychometric properties are sound with strong test-retest reliability (α = 0.75-
0.91), with concurrent and discriminant validities. 
E, G, M, N and O. 
 
5.5 Significance and expected results 
The incidence of preterm birth below 35 weeks gestation is around 1.8 in 100 live 
births [1]. In spite of all the improvements in obstetrical and neonatal care, in the 
last decades the incidence of neurodevelopmental disabilities in preterm born 
infants has not significantly decreased, mainly due to the increased survival of 
very low birth weight preterms. Disabilities include in particular reduced cognitive 
performance, motor and behavioural problems and often require early and 
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intensive multidisciplinary interventions involving health and social services, 
schools, and families.  
Infant massage provides an opportunity for parents to become involved in their 
infant's care from the very early stages of life, when they feel comfortable doing 
so and when the infant is ready. Evidence suggests that this intervention may 
have the potential to impact not only on infant development, but also on parental 
stress and parent-infant interaction. Nevertheless, key aspects still need 
clarification in order to inform Health Agencies about feasibility and potential 
benefits of implementing mother-delivered infant massage in the NICUs. 
Determining the underlying mechanisms of infant massage and the possible 
sources of variability for its efficacy, will allow us to fine-tune early intervention in 
preterm infants, specifically addressing those aspects that can potentially affect its 
efficacy. We also believe that the findings of our study will be important to 
provide information on all types of early interventions centred on human touch, 
and more in general on some of the mechanisms of developmental care itself.
	  Chapter 6 
The PREMM project: 
 preliminary findings on 
neurodevelopment, mother’s 
mental health and  
mother-infant relationship 
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6.1 Introduction 
In this chapter we will report the preliminary results on the effect of the 
intervention on i) neurological development and vision, ii) mother’s mental health 
(mood, anxiety and stress) and iii) mother-baby relationship (mother-infant 
bonding, maternal representations of attachment, maternal responsiveness and 
self efficacy), by means of standardized scales and questionnaires 
 
6.2 Results of baseline (T0) and term (T1) assessments 
Table 6.1 provides a summary of the infant characteristics. Twenty-three preterm 
infants and seven term infants were recruited into the study. Eleven of the 23 
were randomized in the control group and the remaining 12 in the study group. 
Six subjects dropped out of the study before its completion, 4 in the control 
group, 1 in the massage group and 1 in the term group. 
  
Table 6.1 Descriptive 
data pertaining to infant 
characteristics and 
assessments at T0 and T1 
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Twenty-three preterm infants and seven term infants were recruited into the 
study. Eleven of the 23 were randomized in the control group and the remaining 
12 in the study group. Six subjects dropped out of the study before its 
completion, 4 in the control group, 1 in the massage group and 1 in the term 
group.  
In the sections that follow we will report the effects of infant massage on 
neurological examination and vision, mother-infant bonding and mother’s mental 
health.  
 
6.2.1 Differences between groups in the neurological exam 
The results of the Dubowitz neurological examination in the three groups are 
represented in Figure 6.1. Significant changes in the Dubowitz score between T0 
and T1 were only observed for the massage group (repeated samples t test, 1 
tail). No other significant differences were identified, including the difference at 
T0 between the 2 preterm groups (control and massage), which did not reach 
significance. 
Fig. 6.1. Differences in the Dubowitz 
scores within and between groups. Mean 
and standard deviations are shown. 
 
 
 
 
 
 
 
6.2.2 Differences between groups in vision assessment 
The results of the vision assessment in the three groups are represented in Figure 
6.1. Significant changes in the vision score at T1 were observed between the 
massage group and preterm controls (independent samples t test, 1 tail). No 
other significant differences were identified, including the difference between the 
control and the term group, which did not reach significance. 
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Fig. 6.2. Differences in vision 
assessment within and between 
groups. Mean and standard deviations 
are shown. 
 
 
 
 
 
 
6.2.3 Differences between groups in mothers’ questionnaires 
The results of the questionnaires in the three groups are represented in Figure 6.3 
and 6.4.  
Significant differences in the MIBS were found only at baseline between massage 
and control group (Fig.6.3) (independent sample t test, 1 tail). 
 
Fig. 6.3. Differences in the MIBS scores 
within and between groups. Mean and 
standard deviations are shown. 
 
 
 
 
 
 
 
No significant differences in within- or between-group analyses were found for 
the EPDS (not shown).  
For the DASS we found significant differences pre and post training only in the 
massage group, in the global score (Fig. 6.4a) and in all the three subscales (Fig. 
6.4b). In the massage group, global DASS score was significantly lower after the 
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intervention, indicating lower levels of stress, anxiety and depression (repeated 
sample t test, 1 tail). 
Fig. 6.4a Differences in the DASS 
global scores within and between 
groups. Mean and standard 
deviations are shown. *=p<0.05; 
**=p<0.01 
 
 
 
 
 
 
For the DASS-D subscale, assessing in particular the domain of depression, the 
scores at T1 from the control group were significantly worse than both the 
massaged preterms and the term infants (Fig. 6.4b) (independent sample t test).  
 
Fig. 6.4b Differences in the DASS scores within and between groups. Mean and standard deviations 
are shown. *=p<0.05; **=p<0.01 
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6.3 Results of the 12-month assessments (T12) 
Table 6.2 provides a summary of the 12-month assessment. Five subjects 
dropped out of the study before 12 months, 4 in the control group and 1 in the 
massage. Nine have not reached 12 months yet, 4 in the control group and 5 in 
the study group. The participants already tested at 12 months are therefore 9, 6 
in the massage and 3 in the control group. 
 Table 6.2 Descriptive data pertaining to infant assessments at T12 
 
6.3.1 Differences between groups in mothers’ questionnaires 
At 12 months we found no significant differences in the DASS global score or in 
any of its 3 subscales (not shown). Similarly no significant differences were found 
in the MIRI and the MEQ (not shown). 
 Massage  
(n=6) 
Controls  
(n=3) 
 Mean Range Mean Range 
Gender (M/F) 4/2  1/2  
Gestational age (wks) 31.1 28.8-32.7 32.5 32.2-32.8 
Birth weight (gr) 1471 1064-1717 1414 1360-1670 
12 months - T12     
DASS-S 7 1-18 7.3 0-15 
DASS-A 1.3 0-4 3.6 0-11 
DASS-D 1.3 0-3 2.6 0-5 
MPAS-QoA 43.3 41-45 40.1 38-41.5 
MPAS-AoH 21.1 16-23 18 16-18 
MPAS-PiI 24.3 23-25 19.7 17-23 
MIRI 104 92-110 97.5 92-103 
MEQ 68.3 58-73 61.3 61-62 
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Significant differences were found in the MPAS, between massage and control 
group, in the global scale and in 2 out of 3 of the subscales (Fig.6.5) (independent 
sample t test, 1 tail). In all cases, the scores for the massage group were better 
(higher) than those for the control group.  
Fig. 6.5 Differences in the 
MPAS scores at 12 
months within and 
between groups. Mean 
and standard deviations 
are shown. *=p<0.05; 
**=p<0.01 
 
 
 
 
 
 
 
6.4 The Infant Observation 
Infant Observation is a method developed by Esther Bick at the Tavistock Clinic in 
London more than 60 years ago, used to understand the characteristics of the 
developing relationship that is established between mother and infant [156].  
The method has been widely used internationally for training and research in the 
psicodynamic-psychoanalitic field and consists of observing the infant in its family 
environment, once a week from birth to age two. The observer must be able to 
find a space within the family that is sufficiently neutral, yet not rigid, to enable 
him or her to be receptive and experience the emotional impact of the baby's 
presence, unburdened by theoretical preconceptions, without interfering or 
taking action. After each visit the observer writes down a detailed report of the 
observation, that conveys his or her experiences to a work group led by a 
experienced psychoanalyst. The attentive observation of an infant's development 
enables the future analyst to live out a number of fundamental emotional 
experiences, then to think them through within the framework of the work group. 
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Observing a baby presupposes an ability to identify with the different points of 
view of family members; this flexibility makes it a sound preparation for analytic 
work. Through the analysis of his or her countertransference in relation to both 
the mother and what he or she feels from the baby, the observer can understand 
the impact of the mother's fantasies on the baby's mental space and perceive the 
manner in which the baby responds to this. Thus, the specific type of affective 
and counter-transferential opening up inherent in observation makes it an aid to 
the development of the future analyst's capacities for free-floating attention. 
The objective is training the observer in analytic work rather than the fabrication 
of an instrument for research. This method, used for the training of 
psychoanalysts and childhood specialists, later proved to be a remarkable tool for 
early treatment. Particularly interesting in this respect are R. Negri studies, 
focused on the use of Infant Observation in the NICU as a research and 
therapeutic tool, within a “neuropsychonalitical” frame [163]. 
In the context of an “holistic” perspective, which we aimed at in this study, in 
order to evaluate the outcome from multiple point of views, we decided to use 
the Infant Observation setting in a novel way, that is to conduct qualitative (albeit 
isolated rather than longitudinal) evaluations of the mother-infant evolving 
relationship as well as of the potential effect that massage by the mother has on 
the baby and the relationship.	  
Infant observations, each of one hour duration, are conducted on mother-baby 
pairs who are part of the PREMM Research by Penny Love, a Psychoanalytic 
Psychotherapist trained in the Esther Bick Tavistock model of Observation. 
According to our protocol, infants are observed four times: 1) Within two days of 
being enrolled in the project; 2) At full term; 3) At twelve months; 4) At 24 
months. The first observation takes place in the hospital while observations 2 to 4 
happen at home unless the baby is in hospital longer.	  A small group of full term 
babies is observed three times.	   1) full term; 2) twelve months; 3) twenty four 
months. The Observer is blind to the status of the babies, however for the 
purposes of this discussion this has been disclosed after assessment of the 
observation notes. 
So far 16 premature babies and three full term babies have been observed for a 
total of 38 observations. Each observation has been assessed using the following 
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criteria: amount of touching by mother, amount of visual checking if mother away 
from infant or if infant is asleep, amount of auditory checking, amount of talking 
about infant by mother, infants desire for contact with mother, visual/physical 
reaching, anxiety apparent in relationship, reports of illness or difficulties, 
willingness to let the observer see the baby. These criteria will be added to and 
some way of quantifying the observations developed. 
 
6.4.1 Summary of the qualitative findings of the Infant Observation 
First Observation, within two days from recruitment 
Amount of touching: At this very early stage it appears that the amount of touching by mother is 
varied. It is possible that touching can be in response to the desire to be still joined, to nurture or to 
reassure either mother or baby or both, however some mothers appear reluctant to touch their 
babies. 
Amount of visual checking: Varies from pair to pair. Some mothers appear to be only intermittently 
aware of their babies and unable as yet to discern any visually noticeable change or have interest in 
them.  
Amount of auditory checking: Varies but again there has not yet been the strong development of 
the connection between crying and discomfort and the need for attention. 
Amount of talking about infant by mother to observer: at this first observation most mothers are 
somewhat lost and more likely to be seeming to wish that the observer could tell them something. 
They seem to hardly know what to say. It is as though there are unformed thoughts which cannot 
yet be spoken. 
Infants desire for contact with mother:  The infants reach out with hands or feet sometimes against 
the wall of the crib nearest the parent. If being held there will often be a reduction in trembling or 
crying when the infants hand or foot is able to connect with the skin of the parent. 
Anxiety in relationship:  Overall this is quite high with some mother baby pairs in a seemingly 
collapsed or frozen emotional state as a result of high anxiety. 
Reports of illness and difficulties: This is often spoken about. Feeding difficulties, developmental 
problems, are inevitably mentioned. 
Willingness to let observer see infant: The most interesting observation across both groups of 
premature babies is the reluctance of mothers to allow their babies to be seen. A possible 
explanation of this is that the mother/baby attachment is really still that of a mother to her foetus. 
This hypothesis is supported by the marked difference when these babies are observed at full term 
when there is great willingness to have the baby be seen, and this is again supported by the 
observations of the full term babies whose mothers show great willingness for their babies to be 
seen even at the first observation.   
At this stage, which is before the mothers have been taught the massage techniques, there is not 
discernable difference between massage and control pairs. The idea of being a massaging mother 
or not has not had an effect that can be discerned. 
 
Second Observation, at term age: 
By the time of this observation the mothers of infants randomized in the intervention group have 
been massaging their babies for several weeks . 
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Amount of touching by mother:  there appears to be an increased amount of touching in the 
massage group and the touching is more affectionate than in the control group. The full term 
mothers quality of touch is different. It is noticeably more robust even at this early age. 
Amount of visual checking: not a big enough sample to see a significant difference 
Auditory checking: not a big enough sample of babies in another room. 
Amount of talking about infant: the observer thinks that there is an assumption of the babies 
importance which is greater in the massage group. This will need more numbers. The full term 
babies were spoken about in a more general way. E.g. the dogs and relatives were also spoken 
about whereas the preterm babies are much more the focus of attention. 
Infants desire for contact with mother: difficult to discern a difference. 
Anxiety in relationship:  difficult to discern a difference between massage and control however 
between preterms and full term the difference is quite noticeable with mothers of preterm infants 
appearing more anxious. 
Reports of Illness and difficulties; difficult to discern difference 
Willingness to let observer see infant: All very willing. 
Overall the observer noticed an increased level of comfortableness between the massage group 
mothers and babies. It will need better definition and description and more numbers to be a useful 
measure. 
 
Third Observation, at 12 months 
Amount of touching by mother:  It is not so much the amount but the quality and willingness to 
welcome or allow touching that the observer noticed is higher in the massage group.  
Visual checking if mother away from baby:  the massage group mothers seem to want to stay more 
in tune with their babies and check on them frequently. This is more noticeable at twelve months 
when most of the babies have a more predictable sleep pattern and the observer was sometimes 
there for a mix of sleep time and wake time. 
Amount of auditory checking: Difficult to notice a difference; perhaps more in the quality of 
response. 
Amount of talking about infant by mother. I think I am seeing some emotional distance between 
M/B in the control group. Perhaps the baby being spoken of as a more independent object. 
Infants desire for contact with mother:  I could not notice a difference in the babies desire but rather 
in the mothers willing response to that desire with the massage mothers again being more 
accepting of approaches for touch 
Anxiety in relationship:  Again the difference was seen more in the willingness to respond with 
appropriate comforting touch rather than in the presence or not of anxiety. The level of anxiety in 
the full term M/B pairs is noticeably less. As well the emphasis in the full term M/B pairs had shifted 
towards developmental milestones and learning about the world. The observer thinks that at twelve 
months there are discernable differences between the preterm babies and full term babies Larger 
sample needed. 
Willingness to let observer see infant: Both groups very keen to be observed. 
 
Comments 
These observations contrast with behaviours seen in interactions with hospital staff and friends and 
relations. The significant difference is that staff, friends and relations all want the mother/baby to co-
operate one way or another and for the most part the mothers are keen and willing to be part of the 
system in order to benefit from what it offers and this is good and useful. It is only in the quiet 
accepting space of the observation that the tiny signs of the intimate state of affairs between this 
new pair can be seen. 
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The observer states that if she is to notice anything with this very small sample she would say that 
the differences between massage m/b pairs and non massaged pairs is more in the quality of the 
relationship than in the quantity although that might also be different once we have bigger 
numbers.  
From this brief look we can see that the criteria for assessing the observations can now be 
improved. 
The presence of pre-existing trauma seems to interrupt the benefit that the massage might confer 
and such mothers need to be helped in very different ways so that the benefits of massage for both 
M and B are experienced. Massage for the mothers in addition to the babies, if it could be tolerated 
might prove very beneficial. 
Barnett points out that most non-Western cultures use some form of massage as a vital part of the 
development of young infants. While different cultures offer different reasons for using infant 
massage all are connected with the need to strengthen emotional ties between mother and baby 
and eventually culture, and to increase physical strength and growth [164]. 
Sansone says “Baby massage gives a unique experience of closeness Communication between 
mother and baby is triggered through a variety of channels: skin contact smell, warmth, eye contact, 
interplay of facial expressions, vocalizing movements – all sensory ways of holding the infants 
attention and therefore holding the parts of its personality together” [165] 
It is probably this effect that we can start to notice in the M/B pairs so far observed. 
 
6.5 Discussion 
A first important result concerns the differences observed between massaged 
infants and controls on the Dubowitz neurological assessment and the visual 
assessment. Massaged infants had significantly higher scores in the Dubowitz at 
term, compared to controls. This finding has never been reported as no studies 
explored early neurological assessment in massaged infants. It is of interest 
however that Dubowitz scores have been reported to be correlated with 
gestational age, with worse scores in the infants with lowest gestational ages at 
birth [204]. This suggests that the Dubowitz score can be taken as a sensitive 
measure of early neurological development, thus supporting the positive effect of 
massage in preterm newborns. We also found a significant effect of massage on 
visual development, as assessed with a neonatal vision scale [157]. This data 
confirm previous findings from our group showing how infant massage can 
accelerate visual development measured with both electrophysiological and 
behavioural techniques [59]. In that paper, differences in visual function between 
massaged infants and controls were observed up to 3 months, but were no longer 
present at 7 months. It was not possible to say whether this effect was attributable 
to a greater sensitivity of the earliest phase of visual acuity development, 
characterized by the most rapid maturation of the visual cortex and of visual 
acuity or to the endogenous factors modulated by massage. Current findings do 
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not answer this question. Two novel findings from the present study can be 
acknowledged. Firstly, we were able to show effects of massage on behavioural 
measures prior to 3 months of post-term age, as we assessed our infants at term 
equivalent age. Secondly, we found visual performance of massaged preterm 
infants very similar to that of term infants. Altogether our findings on both vision 
and neurological examination support our hypothesis of infant massage as an 
intervention mimicking intrauterine life [64]. 
 
The second important result of our pilot study has been to find, at term 
equivalent age, a significant difference in all the domains of the DASS between 
the study and the control group, with mothers massaging their babies resulting 
less stressed, anxious and depressed than mothers doing standard care. These 
preliminary findings are in line with previous literature and support the use of 
preterm infant massage as a very early intervention for reducing depressed mood 
and anxiety in mothers of preterm infants soon after birth.  
In a recent study, mothers who massaged their preterm infants had lower anxiety 
scores after the session than mothers observing their infants receiving massage 
[142]. Similar results have also been reported for post-natally depressed mothers 
of full-term infants, including reduced depressed mood and improved mother–
infant interactions after learning infant massage [166].  
Giving birth to a preterm infant can be considered a stressful experience, that 
exposes to a higher risk of developing postpartum depression with rates up to 
40% in the early postpartum period [167]. Prolonged depression is associated 
with earlier gestational age, lower birth weight, ongoing infant illness/disability 
and perceived lack of social support [167]. Also, post-partum depressed women 
are twice as likely to experience future episodes of depression over a 5-year 
period [168]. This increased risk could be due to a combination of factors 
including the elevated infant risk of mortality and morbidity [169], the imposed 
mother-infant separation, a prolonged hospital stay and high costs [170]. 
Furthermore, maternal psychological vulnerability is a risk factor for attachment 
difficulties and decreased maternal responsiveness [171, 172], leading to possible 
adverse effects on infant development [173]. 
Thus, interventions improving depressed and anxious maternal mood would 
benefit both the mother and the infant [142]. Mothers who massage their preterm 
infants report less depressed mood and show improved mother-infant 
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interactions at 3 months post-birth [174]. They feel closer to their infants, less 
fearful of handling and touching them and less guilty about their infants’ preterm 
status [142]. The bidirectional effects of “giving” and “receiving” massage 
support its use as a safe and cost-effective intervention for mothers and their 
infants. Future studies may focus on bidirectional massage effects for fathers of 
preterm infants. 
 
A third important result comes from the questionnaires at 12 months, although 
they are still very preliminary. It’s interesting to notice that at 12 months 
differences between the massage and the control group regarding stress, anxiety 
and depression indexes aren’t any more significant, while we found significant 
differences in the MPAS, the questionnaire exploring maternal representations of 
attachment. Moreover, mothers in the massage group had better scores than 
mothers in the control group at the MIRI and MSES, exploring respectively 
maternal responsiveness and maternal self-efficacy, although the difference 
between the two groups did not prove significant. This may be due to the small 
numbers of the sample at 12 months, with control group being represented by 
only 3 individuals. 
Maternal attachment representations are related to the quality of mother-infant 
interaction in preterm and full-term infants as showed in a recent study (Korja et al 
2010). As widely shown in the literature, mothers of infants born preterm are at 
risk for attachment difficulties [158, 175, 176] and reduced responsiveness [158, 
177, 178]. 
Attachment difficulties in mothers of preterm infants can derive from preterm 
birth disrupting normal physical contact between the mother and the infant [158] 
and withdrawing of the mothers from their infant due to distress [179]. This may 
inhibit the mother’s caregiving behavioral system, as her desire and ability to 
provide protection for her preterm infant is interrupted. This can affect the 
mother’s attachment representations and the child’s attachment patterns [180].  
Parental sensitivity can be described as: the ability to perceive infant’s signals 
accurately, and parental responsiveness  as the ability to respond to these signals 
promptly and appropriately [181]. Infancy is a particularly critical time where 
mothers need to respond in a sensitive and warm manner as this provides a 
strong basis for the child’s later development including the development of 
secure attachment patterns [181]. A preterm birth can have a negative impact on 
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maternal responsiveness because the behavioural cues of a preterm infant may be 
less noticeable and more difficult to understand [172] 
Sensitivity and responsiveness may also be disrupted by maternal psychological 
symptoms [158, 177, 178] for which mothers of infants born preterm are at risk 
[171, 172, 177, 182-185], hence compromising early mother-infant relationship 
that has been noted as one of the factors that may affect the potentially adverse 
impact of preterm birth, particularly concerning the infant's later competencies 
and development [186]. In particular the quality of the early relationship has been 
described as having an important effect on parental emotions, perceptions, and 
attitudes toward the infant’s needs. Child and environment reciprocally affect one 
another over time in a transactional way involving complex feedback Systems 
[187]. Crittenden underlined that maternal and infant interactional behaviors 
tended to match in a predictable way: sensitive mothers matching with 
cooperative children and controlling or unresponsive mothers matching with 
compliant, difficult, or passive children [188]. 
In conclusion, albeit limited by the use of maternal self-report measures, 
potentially allowing for response bias, our overall results confirm the role of infant 
massage performed by the mother in supporting a healthy parent-infant 
relationship already in the NICU but also in the first months of the infant's life.  
	  Chapter 7 
The PREMM project: 
 preliminary findings on early 
brain structural and functional 
development 
 
 
 
 
 
 
 
 
 
 
 
From (see appendix II): 
9 - Mathew P, Pannek K, D’Acunto MG, et al. Structural integrity of the corpus callosum anterior 
midbody is associated with neonatal motor function in preterm-born infants. Neural Plasticity. In 
press. 
10 - Finnigan S, Mathew P, Pannek K, Rose SE, Vanhatalo S, Guzzetta A, D’Acunto MG, Colditz PB. 
Towards enhanced early prognoses for preterm-born infants: integrating neurophysiological, 
neuroimaging and functional assessments at term equivalent age.  Dev Med Child Neurol 2010; 54 
(s4) p. 197.
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7.1 Introduction 
One of the first aims of the PREMM project was to develop new techniques for 
EEG signal analysis and structural neuroimaging applicable to the newborn, which 
could be reliably used to measure the effects of early intervention on brain 
maturation. Our first step was therefore to test the hypothesis that measures of 
functional and structural connectivity could correlate with quantitative clinical 
indexes in our cohort. We did this by studying the inter-relationships between 
EEG and MRI inter-hemispheric measures with clinical measures in our entire 
cohort. Our second step has been to analyse the differences in the same 
domains between the massage and the control group. This latter analysis is 
largely preliminary due to the small numbers of subjects per group. 
 
7.2  Methods 
7.2.1 Participants 
The participants of this part of the PREMM project were healthy preterm infants 
born between 28 and 32 weeks gestational age (GA) at the Royal Brisbane and 
Women's Hospital (RBWH). Inclusion and exclusion criteria are reported in 
chapter 5. This part of the PREMM project was approved by the RBWH Human 
Research Ethics Committee. Parents who agreed to their infant participating in 
the study signed a written consent form and were provided with a copy of the 
study protocol.  
 
7.2.2 Clinical assessments 
On reaching term-equivalent age (42 weeks GA) the infants underwent the 
Dubowitz Neonatal Neurological Assessment [152] at the RBWH performed by a 
single neonatologist. As described previously, the Dubowitz assessment evaluates 
a number of motor and behavioural functions including posture and tone, tone 
patterns, reflexes, abnormal signs and orientation and behavior. When performed 
at around term age, it provides a summary score for each of these categories and 
a total Dubowitz score (maximum score 32) which is the sum of these categories. 
As a follow-up analysis, a total "motor-specific" score (maximum 20) was 
calculated by summing the scores from the posture and tone, tone patterns and 
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reflexes categories. Associations between the Dubowitz and motor-specific scores 
and DTI and EEG measures were examined. 
 
7.2.3 Neonatal neuroimaging 
The infants underwent neuroimaging at approximately term-equivalent age. The 
infants were scanned using a 3.0-T Siemens Tim Trio scanner and were placed in 
a MRI-compatible neonatal incubator with a dedicated head coil (Lammers 
Medical, Luebeck, Germany). The scans were performed during natural sleep 
after the infants had been fed. They were swaddled and placed in a vacuum 
fixation beanbag designed to keep the infant still and supported in the scanner. 
Diffusion images were acquired along 30 directions at a b-value of 1000s/mm2, 
along with 1 minimally diffusion weighted image (b = 0). The image resolution of 
the scans was 1.75 x 1.75mm in-plane, with a slice thickness of 2mm. Other 
imaging parameters were: TR/TE 9300/130ms, field of view 128x128, 47 slices. 
The acquisition time for the diffusion data was approximately five minutes. A field 
map was acquired to assist in the correction for susceptibility distortions. 
Pre-processing of the imaging data involved correction for any head movement 
using rigid-body registration, skull stripping [189], as well as susceptibility 
distortion correction [190] and correction for intensity inhomogeneities [191]. 
Intensity outlier voxels caused by image artefact or head motion were detected 
and replaced [192]. Additionally, images were visually examined for artifacts and 
distortions and infants whose images showed motion artifact on the minimally 
diffusion-weighted image were excluded from the DTI analyses. 
Fractional anisotropy (FA), colour-FA and MD maps of the brain were calculated 
for each infant, with FA representing the degree of anisotropic diffusion and MD 
representing the magnitude of diffusion. Alignment of images with the 
midsagittal plane was achieved using rigid-body registration of FA maps with the 
John Hopkins University neonatal FA template [193]. This transformation was then 
applied to the colour-FA and MD maps. For each infant, a corpus callosum region 
of interest was manually drawn onto the mid-sagittal slice of the colour-FA maps. 
Four sets of masks were drawn for each infant, to ensure reproducibility of the 
masks.  
For each infant, the four corpus callosum masks were then segmented into six 
regions - genu, rostral body, anterior midbody, posterior midbody, isthmus and 
splenium according to the neonatal segmentation schema provided by 
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Thompson et al. [194] (Figure 7.1). The mean FA and MD were then determined 
for each region. An average was taken of the mean values of the regions from the 
four masks, to provide six corpus callosum FA and MD values for each infant.  
Fig. 7.1 Corpus callosum 
segmentation schema 
adapted for neonates by 
Thompson et al [194]. RB 
- rostral body; AMB - 
anterior midbody; PMB - 
posterior midbody. 
 
 
7.2.4 Neonatal High-density EEG  
The EEG recordings were performed at the UQ-CCR, on the RBWH campus. The 
recordings took place in a dark quiet room after the infants had been fed. The 
infants were laid in a cot and allowed to sleep. The EEG was performed in a 
recording room with a Faraday cage to minimise any interference from external 
electromagnetic signals. 
A 64-electrode EEG high definition 
sensor net (HydroCel Geodesic Sensor 
Net, Electrical Geodesics Inc.) was 
fitted to each infant’s head (Figure 7.2). 
The recordings from only the standard 
10-20 system (adapted for neonates) 
electrodes were used. Before each 
recording, the EEG was appropriately 
calibrated using the NetStation 
software calibration function. The EEG 
electrode impedance was maintained 
at less than 50 ohms, where possible. 
The recordings lasted about 45 minutes 
and consisted largely of sleep activity.  
 
 
Figure 7.2  64-electrode neonatal EEG cap 
The EEG data from each infant was visually examined for artefacts and 
identification of the sleep states. The sleep state of interest was Active Sleep (AS). 
This sleep state was chosen because it is the first sleep state that infants enter 
into on falling asleep and hence is easy to record in all infants and it is also 
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believed to be the least affected by movement artefacts [195]. A minimum of two 
minutes of artefact-free AS was identified from each baby’s data and was used for 
the quantitative analyses. Two minutes of data was used because this was the 
largest amount of artefact-free AS data available from one of the infants.  
In order to avoid the assumption that neonatal oscillatory activities occur 
according to the adult-defined frequency-bands, the coherence analysis in this 
study was performed according to one broad frequency-band ranging from 0.5Hz 
to 20Hz. This range was selected based on previous EEG developmental studies 
in infants, which demonstrated a predominance of electrical activity in this 
frequency range [196].  This approach of using a single frequency-band was also 
favoured over using five smaller frequency-bands because it reduced the number 
of EEG coherence variables that were used in the correlation analyses between 
EEG coherence, clinical and DTI measures. 
 
EEG coherence analysis  
Six electrode pairs were selected for 
coherence analysis. These pairs were 
selected because they fell into 3 broad 
cortical regions: anterior, central and 
posterior (Figure 7.3) and hence 
reflected electrical activity across a 
number of brain regions. Three pairs of 
electrodes were located on the medial 
aspect of the brain (F3-F4, C3-C4,P3-
P4), while the other three pairs were 
located laterally (F7-F8, T3-T4,T5-T6).  Figure 7.3 Inter-hemispheric EEG electrode 
pairs used in the analysis 
The coherence was determined for the aforementioned six electrode pairs using 
the fast Fourier transform algorithm and the coherence algorithm via EEG Edit 
software. The software produced a matrix that illustrated the coherence values for 
each electrode pair for every frequency level ranging from 0.00 - 63.72Hz (at a 
0.25 step up, e.g., coherence value for 0.24Hz, 0.49Hz and so on). 
Since the analysis was limited to data in the frequency range of 0.5-20Hz, all of 
the coherence values in the frequencies between 0.5-20Hz were averaged to 
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produce a mean coherence for each electrode pair. This resulted in six coherence 
values for each infant.  
As a first step analysis, the total inter-hemispheric coherence was determined 
for each infant. Hence the six coherence values (F3-F4,C3-C4,P3-P4, F7-F8, T3-
T4,T5-T6) for each infant were averaged to produce a single overall coherence 
value of inter-hemispheric communication. Following on from this analysis, a 
region-specific inter-hemispheric coherence analysis was performed for each 
infant. Hence the coherence values in the anterior (F3-F4, F7-F8), central (C3-
C4,T3-T4) and posterior (P3-P4, T5-T6) brain regions were averaged to produce 
three coherence values representing inter-hemispheric communication in the 
anterior, central and posterior brain regions respectively.  
 
7.3 Results 
7.3.1 Whole-group correlations 
Thirteen preterm infants were recruited into the study. Due to time constraints, 
MRI was not performed for two infants. Furthermore, due to technical issues and 
motion artefacts, DTI data from three infants was excluded from the analyses, 
leaving eight infants whose data was included in the correlation analyses. 
 
Clinical and DTI correlation analyses 
Using Spearman's rho, associations were explored between the clinical and DTI 
measures (Tables 7.1). A highly significant positive correlation was found between 
the total Dubowitz scores and the anterior midbody FA measures (rho=0.929; 
p=0.001) and similarly between the motor-specific scores and the anterior 
midbody FA measures (rho=0.857; p=0.007). 
Table 7.1 Correlation between clinical scores and corpus callosum FA measures 
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Scatterplots illustrating these correlations are provided in Figure 7.4. 
 
Fig. 7.4 Scatterplot of total Dubowitz scores (left) and motor-specific Dubowitz score (right) versus 
anterior midbody FA (n=8; Total: spearman’s rho=0.929 ; p=0.001; Motor-specific: spearman’s 
rho=0.857; p=0.007).  
In summary, both the total Dubowitz scores and the motor-specific Dubowitz sub-
scores correlated significantly with the anterior midbody FA measures. 
 
Clinical and EEG correlation analyses 
Using Spearman's rho, the motor-specific Dubowitz scores were correlated with 
the inter-hemispheric EEG coherence measures. All correlation analyses were 
performed using two-tailed p-values.  
A statistically significant positive correlation was found between total motor-
specific scores and total EEG coherence (rho=0.678; p=0.045). A scatterplot 
illustrating this significant correlation is shown below (Figure 7.5). 
 
Fig. 7.5 Scatterplot showing 
associations between motor-
specific scores and total 
coherence (n=9; rho=0.678; 
p=0.045) 
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In the regional analysis no statistically significant correlations were observed, 
although a positive correlation between total motor-specific scores and anterior 
coherence (rho=0.603; p=0.086) approached statistical significance. 
 
7.3.2 Independent groups (massage Vs standard care) correlations 
Unfortunately, of the eight preterm infants recruited for the study who performed 
the MRI and EEG (see previous section), six were randomized in the Massage 
group and only two in the Control group. This is probably related to the fact that 
most of the families who did not come for the EEG/MRI assessment were those of 
the control group. The analyses that follow are therefore only indicative due to 
the small size and the size-unbalance of the groups.   
 
DTI 
Using probabilistic whole-brain tractography with target ROIs from the JHU 
neonatal atlas, mean diffusivity (MD) and fractional anisotropy (FA) measures were 
obtained [197]. We extracted interhemispheric motor connections using as 
targets the left and right motor cortices (Figure 7.6a).  
 
Fig. 7.6 Pre-central, callosal tracts from which diffusion tractography measures were obtained. 
We then calculated the weighted mean FA and MD values within the ROI defined 
by the streamlines encroaching the CC (Figure 7.6b), weighted by streamline 
number. The mean FA value obtained in the massaged infants was higher than 
that of the control group and was closer to the mean value obtained in the 
typically developing term infants (Figure 7.7a). Inverse results were obtained with 
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the MD values, which were on average lower in the term infants and in the 
massaged group and higher in the control group (Figure 7.7b).  
Fig. 7.7 Mean 
values and 
standard errors of 
the FA (a) and the 
MD (b) in the ROI 
defined by the 
streamlines of the 
inter-hemispheric 
motor connections 
encroaching the 
CC. 
 
HD-EEG 
The average coherence values of the anterior (F3-F4, F7-F8), central (C3-C4, T3-
T4) and posterior (P3-P4, T5-T6) electrode pairs were calculated in the 2 groups 
(Figure 7.8). Higher coherence values were observed in the massaged infants 
both at the level of the anterior and the posterior regions. No differences were 
observed in the central regions. No statistical analyses were performed due to the 
small size of the groups. 
Fig. 7.8 Average coherence values 
and standard errors in massaged 
and control infants at the level of 
the anterior (F3-F4, F7-F8), central 
(C3-C4, T3-T4) and posterior (P3-
P4, T5-T6) electrode pairs. 
 
 
 
 
7.4 Discussion 
The main result of this part of the study was the significant correlation between 
neurological function, as well as specific motor function measures, with DTI and 
EEG.  
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Overall neurological function, as well as specific motor function measures, 
correlated significantly with DTI measures from the anterior midbody, but not 
from other regions of the corpus callosum. These findings are consistent with 
studies involving corpus callosotomy surgeries performed in both adults and 
children with neurological disorders [198, 199], and also research performed in 
primates [199]. Both total Dubowitz and motor-specific scores correlated with 
greater structural integrity of the corpus callosum. Increasing FA values are 
suggestive of advanced callosal tract organisation while decreasing MD values are 
suggestive of more mature axonal cell microstructure [205, 206]. A relatively well-
developed corpus callosum (e.g., anterior midbody) may be associated with 
relatively more efficient transmission of inter-hemispheric neural signals, which 
thereby permits more optimal processing and integration of (e.g. motor-related) 
information between the hemispheres.  
In agreement with these findings, the clinical and EEG correlation analyses 
demonstrated that total motor-specific scores positively correlated significantly 
with the total EEG coherence values, while in the regional analysis the correlation 
between motor-specific scores and anterior EEG coherence approached 
significance. This suggests that greater total inter-hemispheric communication is 
associated with better motor function. This finding supports previous reports 
suggesting that greater inter-hemispheric communication may relate to better 
clinical function [65,66].  
In light of our overall results and on previous literature, intervention programs and 
management strategies directed towards enhancing the development of white 
matter should be investigated further, as this may aid in enhancing motor function 
and possibly other neurobehavioural functions for preterm infants. An MRI study 
performed by Smith et al. demonstrated that stresses from the NICU environment 
correlated with decreased white matter structural integrity and inter-hemispheric 
communication in preterm infants, as assessed by DTI and functional MRI [207]. 
This study also reported that infants experiencing greater NICU-induced stress in 
the immediate postnatal period demonstrated poorer motor function at term-
equivalent age [207]. Hence, NICU stressors may adversely influence white matter 
development and neurodevelopmental outcomes. Als et al. performed a 
randomized control trial investigating the merits of a Newborn Individualized 
Developmental Care and Assessment Program (NIDCAP) in order to reduce 
stressors for preterm infants while in NICU [93]. They found improved white 
matter development (assessed via DTI), brain functional connectivity (as measured 
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by electroencephalography) and neurological function in the NIDCAP cohort of 
infants versus controls at term- equivalent age. A similar study performed by 
McAnulty demonstrated that NIDCAP intervention had positive effects on 
preterm-born children’s neurobehavioural function at least until school age [208]. 
Since the current findings indicate an association between anterior midbody 
development and neurological function, this may in part explain why interventions 
such as the NIDCAP or Infant Massage resulted in improved neuromotor function. 
Our very preliminary findings comparing massaged infants and controls seem to 
confirm the importance of the inter-hemispheric connections of the anterior 
regions. Although we were not able to perform statistical tests due to the sample 
size, a qualitative analysis of the available data seems to support previous findings 
reporting a significant effect of massage on brain development [59, 64]. This 
confirms that the modifications of brain development observed in massaged 
infants are the effect of the postnatal enrichment represented by the intervention, 
which might be mediated by an action on synaptic activity similar to that 
observed in enriched animals [59]. In low-risk preterm infants we suggest that 
massage therapy favours a process of maturation of brain function and structure 
similar to that observed (in utero) in term infants, probably through an attenuation 
of the discrepancies between the extra- and intra-uterine environments. 
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  Chapter 8 
General conclusions and future 
perspectives 
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8.1 General conclusions 
In the world almost 13 million infants are born prematurely each year, with an 
increasing trend [201]. This rise may be due to a number of factors including 
increased rates of multiple births, greater use of assisted reproductive technology 
and/or greater proportion of births amongst women over 34 years of age [202]. 
Although preterm birth can be associated with overt brain abnormalities, infants 
who do not suffer from significant medical complications in the postnatal period 
are still at higher risk of learning, behavioural, motor and visual problems in later 
life [13, 14]. 
To minimize the consequences of preterm birth it is essential to take the highest 
advantage of enhanced early brain plasticity. By revising current knowledge in the 
field of early brain plasticity (see chapter 2), we clearly appreciated, both from 
human and nonhuman studies, how functional reorganization during early 
development, rather than being better or worse, is simply different than in adults. 
But how can we take advantage of this enhanced plasticity and devise evidence-
based intervention programs centred on the optimization of infant’s environment? 
Many efforts have been made to answer this question. 
After reviewing the literature on early intervention (see chapter 3), we realized 
how the role of the parents is increasingly recognised as a necessary constituent 
of early intervention programs. It undoubtedly acts as a modulator of the sensory 
inputs that the environment can provide, optimizing and stabilizing their effect. It 
is of interest that, among other aspects, the neurodevelopmental and cognitive 
skills of preterm infants are influenced by a variety of maternal factors, including 
the amount of skin-to-skin contact and the frequency of maternal touch [21].  
In our studies, early interventions based on infant massage showed to be effective 
by positively influencing cerebral electrical activity, as a possible indirect index of 
enhanced synaptic plasticity and cerebral connectivity (see chapter 4). More 
specifically, we have shown how massage increases the power density in the slow 
wave activity (SWA) range during sleep episodes following the massage 
intervention. In other words, in our preterm newborns we have consistently found 
that the quality of waking experience (i.e. the presence of early intervention 
based on massage therapy) influences the power density in the SWA range during 
sleep episodes. Taken together, our findings suggest that environmental 
enrichment (massage), cortical maturation and sleep intensity (SWA) might 
impinge on the same basic mechanisms. 
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Based on the hypothesis that parental involvement might act as an optimizer of 
the environmental effects, we set up a brand new protocol of early intervention 
testing its effects in a pilot study (see chapters 5 and 6).  
PREMM study preliminary results on the effects of the intervention on mother’s 
mental health and mother-infant relationship are promising, demonstrating the 
potential role of infant massage in decreasing indexes of maternal depression, 
anxiety and stress while enhancing maternal responsiveness and self-efficacy as 
well as maternal representations of attachment. An important limit of the study is 
that the instruments we used to explore such dimensions are self-administered 
questionnaires; in the future it could be very interesting to perform more 
complex, direct and unbiased evaluations of parent-infant relationship by means 
of the integration of other instruments (e.g. the Care-Index or the Strange 
Situation). 
In the last part of our study, we have also shown how new neuroimaging and 
high-density EEG techniques are sensitive to the functional and structural 
modifications associated to early intervention and can be used to validate their 
effects (see chapter 7). The assessment of structural and functional connectivity 
can be effectively investigated in newborn infants with no need for sedation and 
no other risks.  It is of great interest that objective measures of brain connectivity 
appear to reflect the maturation of functional processes of the preterm brain. The 
group differences we found between massaged and controls, albeit very 
preliminary and not yet supported by reliable statistics, are promising and seem 
to go towards the demonstration of measureable effects of early intervention 
upon brain maturation.  
 
8.2 Limitations of the PREMM-study 
The main limitation of our study is given by the small numbers of our sample. This 
is justified by a number of challenges in recruitment that have been encountered, 
mainly due to the following reasons: 
The choice to focus on very low-risk subjects, and consequently to have strict 
inclusion criteria (in particular normal cerebral ultrasound and clinical stability 
within 34+3 weeks PMA) as a necessary condition for recruitment.  
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Preterms with these characteristics are generally rapidly transferred to more 
peripheral hospitals until they are ready to be discharged; we have lacked the 
resources to organize the massage classes and follow-up also in other sites. 
An acceptance rate of about 50% by families undergoing a recruitment interview. 
This could be due to the following reasons: in general, the first weeks after a 
preterm birth represent a difficult time for parents, characterized by a feeling of 
overwhelming. In such circumstances the proposal to introduce something new as 
the participation to a research project can be experienced as overly stressful. 
Moreover, the inclusion of instrumental assessments among the outcome 
measures could have further discouraged participation. 
The preparatory phase of the study has been a very long process, both in 
Brisbane and Pisa, due to the necessity to inform and discuss in details with the 
medical and especially the nursing staff the potential challenges related to the 
project, in order to obtain their support and flexibility in the integration of 
massage sessions within the daily clinical schedule and ensuring extra assistance 
to mothers in the preparatory phase of massage if needed.  
 
8.3 Future perspectives 
In the near future, it will be interesting to evaluate the effects of the intervention 
on neurodevelopment in the medium term (24 months corrected age) and 
explore correlations with neuroimaging and neurophysiological indexes. 
Another potential target will be to optimize the massage protocol, making it even 
more flexible, adaptable to the characteristics of each dyad and ecological (e.g. 
Integrating some of the massage sequences with the kangaroo-care).  
We have already planned to involve in the project also more peripheral hospitals 
in order to increase the number of recruitable subjects, to allow the beginning or 
prosecution of the intervention also after discharge from the sub-intensive care 
unit and to evaluate the feasibility of the intervention in different contexts.  
Another objective that we will pursue is to evaluate the feasibility of the 
intervention also in twins, which constitute a high proportion of preterm infants 
that could benefit from the intervention. It could be very interesting in this respect 
to involve also fathers in the provision of the intervention and hence evaluate its 
effects not only on parents’ mental well-being and parent-infant relationship, but 
also on indexes regarding specifically the couple (e.g. effects on reciprocity).  
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Finally, it would be interesting to design and conduct functional neuroimaging 
studies also on parents, in order to evaluate the potential effects of the 
intervention on the functional neuronatomy of the evolving parent-infant 
relationship [203]. 
It is hard to say whether these proposals will be pursued, by us or others, or will 
be left in the box. It is clear however, that the time is ready for future research on 
developmental care and early intervention to be compellingly focused on a family 
centred approach, to confirm and deepen our knowledge on the basis of their 
efficacy. 
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